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© 6* or 7-beta-[2-[4-(substltuted)-2,3-dioxopiperazln-1-yl) 

carbonylamino]-(substltuted)acetamido]-penicillln and cephalosporin derivatives. 

(§) Antibacterial agents have the formula (I) or are pharmaceutical^ acceptable salts or in vivo hydrolysable 
esters thereof: 
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in which Y 1 is oxygen, sulphur or -CH 2 > and Z represents hydrogen, halogen, Ci-4 aikoxy, -CH 2 -Q or 
-CH = CH-Q where Q represents hydrogen, halogen, hydroxy, mercapto, cyano, carboxy, carboxylic ester, 
Ci.4 alkyloxy. acyloxy, aryl, a heterocyclyl group bonded via carbon, a heterocyclylthio group or a nitrogen 
containing heterocyclic group bonded via nitrogen; 

R 5 represents phenyl, substituted phenyl, cyciohexenyl, cyclohexadienyl or an optionally substituted 5 or 6- 
membered heterocyclic ring containing up to three hetero atoms selected from oxygen, sulphur or nitrogen, 
R 6 is hydrogen, hydroxymethyl, fcrmamido, or methoxy, R 7 and R 8 are the same or different and represent 
hydrogen, Ci* alkyl, substituted alkyl, halogen, amino, phenyl, substituted phenyl, hydroxy or Ci* 
aikoxy or R 7 and R 8 form the residue of an optionally substituted 5 or 6- membered carbocyclic ring or a 5 
or 6-membered heterocyclic ring containing up to three hetero atoms selected from oxygen, sulphur or 
nitrogen, R 9 is 



R L0 or 



10 



wherein R t0 and R t1 are the same or different and each represents hydroxy, or protected hydroxy and XR 9 
is -(CH 2 )„R 9 , -NHCOR 9 , -N=CHR 9 , -NHCH 2 R 9 , or -COR 9 , where n is from 0 to 2; with the proviso thai XR 9 
does not represent -N = CHR 9 when R* represents hydrogen. 

The use of the compounds is described together with intermediates for their preparation. 
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NOVEL COMPOUNDS 



This invention relates to a class of novel ^-lactam compounds which have antibacterial activity and are 
of value in the treatment of infections in animals especially mammals, including man, caused by a wide 
range of micro-organisms, particularly Gram-negative organisms. The invention also relates to a process for 
the preparation of such compounds, intermediates for use in the preparation of the compounds and to 
pharmaceutical compositions containing the antibacteriaiiy active compounds. 

UK Patent GB-2107307B discloses and claims ^-lactam antibiotics which have an a-formamido 
substituent on the carbon atom adjacent to the carbonyl group of the jS-lactam ring, and in particular 
compounds of formula (A) 

CHO 

I 

NH 



R L -CH-CO-NH —f | Y 

75 I 
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CO 
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25 wherein Y is H 
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.S CH, S /* v 

/ ^ / 3 / \ / \ 

C ' CH 2 or CH 2 

/ XcH 3 / ' CZ 



in which Y 1 is oxygen, sulphur or -CH2- and Z represents hydrogen, halogen or an organic group such as 
C1.4 alkoxy, -CH 2 -Q or -CH = CH-Q where Q represents hydrogen, halogen, hydroxy, mercapto, cyano, 
carboxy, carboxylic ester, Ci* alkyioxy, acyloxy, aryl, a heterocyclyi group bonded via carbon, a 
heterocyclylthio group or a nitrogen containing heterocyclic group bonded via nitrogen; 
R 1 is phenyl, substituted phenyl, cyclohexenyi, cyciohexadienyi, or a 5- or 6-membered heterocyclic ring 
containing up to 3 hetero-atoms selected from oxygen, sulphur or nitrogen, optionally substituted with 
hydroxy, amino, halogen, substituted amino or a C14 alkoxy; R 2 and R 3 are the same or different and 
represent hydrogen, Ci^ alkyl, substituted alkyl, halogen, amino, hydroxy or Ci^ alkoxy or R 2 and R 3 
together form the residue of a 5- or 6-membered heterocyclic ring: and R 4 represents hydrogen, Ci* alkyl, 
substituted alkyl, aryl or aralkyl: or a pharmaceutical^ acceptable salt or in vivo hydrolysabie ester-thereof. 

The present invention provides a compound of formula (I) or a pharmaceutical^ acceptable salt or in 
vivo hydrolysabie ester thereof: 
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wherein Y is 



/ CH 3 / 



30 

In which Y 1 is oxygen, sulphur or -CH 2 - and Z represents -hydrogen, halogen, alkoxy. -CH 2 -Q or 
-CH = CH-Q where Q represents hydrogen, halogen, hydroxy, mercapto, cyano, carboxy, carboxylic ester, 
Ct^ alkyloxy, acyloxy, aryl. a heterocyclyl group bonded via carbon, a heterocyclylthio group or a nitrogen 
containing heterocyclic group bonded via nitrogen; 

35 R 5 represents phenyl, substituted phenyl, cyciohexenyl, cyclohexadienyl or a 5 or 6-membered. heterocyclic 
ring containing up to three hetero atoms selected from oxygen, sulphur or nitrogen optionally substituted 
with hydroxy, amino, substituted amino, halogen or alkoxy, R 6 is hydrogen, hydroxymethyl, formamido, 
or methoxy, R 7 and R 8 are the same or different and represent hydrogen, aikyi, substituted Ci* alkyl, 
halogen, amino, phenyl, substituted phenyl, hydroxy or Ci* alkoxy or R 7 and R 8 form the residue of a 5 or 

40 6-membered carbocyclic ring or a 5 or 6-membered heterocyclic ring containing up to three hetero atoms 
selected from oxygen, sulphur or nitrogen optionally substituted with hydroxy, amino, substituted amino, 
halogen or alkoxy; R 9 is 



45 



50 




wherein R 10 and R 11 are the same or different and each represents hydroxy, or protected hydroxy and XR 3 
is -{CH 2 ) n R 9 . -NHCOR 9 , -N = CHR 9 , -NHCH 2 R 9 , or -COR 9 , where n is from 0 to 2; j/vith the proviso that XR 9 
does not represent -N = CHR 9 when R 5 represents hydrogen. Preferably XR 9 does not represent -N = CHR 9 
when R 6 represents hydrogen or methoxy. 

Suitable protected hydroxy groups include Cm alkylcarbonyloxy such as acetoxy, alkoxycar- 
bonyloxy such as t-butoxycarbonyioxy. substituted Ci* alkoxycarbonyloxy wherein the alkyl is substituted 
by up to three halogen groups, such as trichloroethoxycarbonyloxy, aralkyloxycarbonyloxy, substituted 
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aralkyloxycarbonyioxy such as p-nitrobenzyioxycarbonyloxy, tri d-a alkylsilyloxy such as trimethylsilyloxy, 
or optionally substituted aralkyloxy such as benzyloxy. 

When used herein the term 'aryl' includes phenyl and naphthyl optionally substituted with up to five, 
preferably up to three, groups selected from halogen, d* alkyl, phenyl, d< alkoxy. halofd*) alkyl. 
hydroxy, amino, nitro, carboxy, alkoxycarbonyl, d-e alkoxycarbonyl-(Ct^)-alkyl d-e alkylcarbonyloxy, or 
d* alkylcarbonyl groups. 

When used herein the term 'alkyl* includes straight and branched chain alkyl groups containing from 1 
to 6 carbon atoms, such as methyl, ethyl, propyl and butyl. A particular alkyl group is methyl. 

The term 'halogen 1 refers to fluorine, chlorine, bromine and iodine. 

Suitable 'substituted amino' groups include d-a alkylamino and di(Ci 4 }alkylamino. 

Suitably the substituted phenyl group for R 5 , R 7 or R 8 is a phenyl group substituted with up to three 
groups selected from d* alkyl, phenyl, halogen, d-e aikoxy, amino, nitro, hydroxy, d-a alkylamido, d-e 
alkylcarbonyloxy, carboxy, d-e alkoxycarbonyl, halo(Ci^)aikyl, oxo(d galley I, d-« alkylcarbonyl, aryloxy. 
aralkyloxy, arylcarbonyl, d-6 alkylamino di(d^)alkylamino or protected amino. Suitable amino protecting 
groups are those well known in the art which may be removed under conventional conditions without 
disruption of the remainder of the molecule. 

Suitable amino protecting groups include benzyl optionally substituted in the phenyl ring by one or two 
substituents selected from alkyl, Cm alkoxy, trifluoromethyi, halogen or nitro: d-4 alkoxycarbonyl, for 
example tert-butoxycarbonyl; halogen substituted d-4 alkoxycarbonyl, for example trichioroethoxycarbonyl, 
benzyloxycarbonyl optionally substituted as for benzyl above; aliyloxycarbonyi; trityl; or enamines derived 
from reaction, with 0-keto carboxylic acid esters for example with ethyl acetoacetate. 

When R 5 represents a 5- or 6-membered heterocyclic ring, the ring is preferably heteroaromatic. 

Suitable examples of a heteroaromatic group for R 5 include 2-thienyl. 3-thienyl, 2-furyl, 3-furyl and 2- 
amino-4-thiazoiyl. 

In formula (I) the group R 5 is preferably phenyl, 2-thienyl or 4-hydroxyphenyl. 

The group R 6 is preferably formamido, methoxy or hydroxymethyl, most preferably formamido. 

Suitable d* alkyl groups for the groups R 7 and R 8 include methyl, ethyl, n-and iso-propyl and n-, sec-, 
iso- and tert-butyl. Preferably R 7 and R 8 are hydrogen. 

The bond joining the group R 9 to the group X may be attached to any one of the carbon atoms in the 
group R 9 which is not attached to R 10 or R 11 . 

Preferably the group R 9 may be represented by 



Suitable values for the groups R 10 and R 1t include hydroxy and acetoxy. 

Particular values of the group R 9 include 3,4-dihydroxyphenyl, 3,4-diacetoxyphenyl, 2,3-dihydrox- 
yphenyl and 4,5-dihydroxypyridin-2-yl. 

Preferred values of the group R 9 include 3,4-dihydroxyphenyl and 4,5-dihydroxypyridin-2-yl. 

It will be understood that the group R 9 may exist in certain instances in one or more tautomeric forms 
and that such tautomeric forms are included within the scope of this invention. For example, when R 9 is 4,5- 
dihydroxypyridin-2-yl, that group may also be represented by the 1,4-dihydro-5-hydroxy-4-oxopyridin-2-yl 
group of the formula: 
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Preferably X is (-CH 2 -)„-. More preferably n=1 so that X is a methylene group. 
Preferred values for Y are 



S <-H- Jf 

/ N / / \ 

C and CH_ 

' CH 3 C2 



10 



wherein Y 1 is sulphur. 

Suitably Z is Cm aikylcarbonyioxymethyl. preferably acetoxymethyl, or is a heterocyclylthtomethyl 
15 group of the formula -CH 2 -S-Het wherein •He? is a five or six membered heterocyclic ring containing from t 
to 4 atoms selected from N, 0, and S unsubstituted or substituted with one or two groups selected from C t . 
6 alkyl. alkoxy, hydroxy alkyl, Ca^ alkenyl, Ci* aikoxy Ci* alkyl. carboxy Ci* alkyl, sulphonyl Ci* 
alkyl, carbamoyl alkyl, trifluoromethyl, hydroxy, halogen, oxo, amino Ci* alkyl, alkylamino Cm 
alkyl, di (Ci« alkyl) amino aikyl, and carboxy d* alkyl or two substituents may be linked to form the 
20 residue of a heterocyclic or carbocyclic ring. 

Examples of the group 'Hef include unsubstituted and substituted imidazolyf, triazolyl, tetrazolyl, 
thiazolyl. thiadiazolyl, thiatriazolyl, oxazolyl. triazinyl and oxadiazolyl. 

Suitable groups 'Het' include unsubstituted and substituted 1 ,2,3-triazolyl; 1 ,2,4-triazoiyl; tetrazolyl; 
oxazolyl; thiazolyl; 1,3,4-oxadiazolyl; 1, 3,4-thiadiazoiyl, or 1,2,4-thiadiazolyl. 
25 Preferably the heterocyclylthio group is 1-methyl -iH-tetrazol-S-ylthio, or 1 ,3.4-thiadiazol-2-yithio. 

The nitrogen containing heterocyclic group bonded via nitrogen is suitably a pyridinium group unsub- 
stituted or substituted with one or two groups selected from d* alkyl, d-e alkoxy, hydroxy d* alkyl, Cm 
alkenyl, d-e aikoxy d* alkyl, carboxy d* alkyl, sulphonyl d« alkyl, carbamoylmethyl, carbamoyl, 
trifluoromethyl, hydroxy, halogen, oxo, and amino d* alkyl. 
30 The carbon atom marked * in formulae herein is asymmetric and thus compounds of formula (l) may 
exist as two optically active diastereoisomers. In general the isomer prepared from the D-side chain exhibits 
the highest antibacterial activity and accordingly the D compound or the DL mixtures are preferred, with the 
0 compound being particularly preferred. 

The compounds of formula (I) with the preferred D- side -chain can be separated from a mixture of both 
35 diastereoisomers by conventional methods, or be prepared from intermediates that bear a D- side chain. 

Moreover where R 6 represents the formamido group, this can exist in two preferred conformations, 
those wherein the hydrogen atoms of the -NH-CHO are. cis- or trans-, of which the cjs conformation 
normally predominates. 

Since the ;5-iactam antibiotic compounds of the present invention are intended for use in pharmaceuti- 
40 cal compositions it will readily be understood that they are each provided in substantially pure form, for 
example at least 50% pure, more suitably at least 75% pure and preferably at least 95% pure (% are on a 
wt/wt basis). Impure preparations of the compounds may be used for preparing the more pure forms used 
in the pharmaceutical compositions. Although the purity of intermediate compounds of the present invention 
is less critical it will readily be understood that the substantially pure form is preferred as for the ^-lactam 
45 antibiotic compounds. Preferably, whenever possible, the compounds of the present invention are obtained 
in crystalline form. 

Examples of suitable pharmaceutical^ acceptable in vivo hydrolysable ester groups include those 
which break down readily in the human body to leave the parent acid or its salt Suitable ester groups of 
this type include those of part formula (i), (ii). (iii) and (iv): 
so ■ 
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-C02CH-O.CO,Rb (i) 



/ 

io -C02-R c -» 

R e (ii) 



/ 



-C0 2 CH 2 -ORf (iii) 



1 // \\ (iv) 



-CO,- CHOC O 



wherein R a is hydrogen, alkyl, C3.7 cycloaikyl, methyl, or phenyl, R b is alkyl, C M alkoxy, phenyl, 
benzyl, C3.7 cycloaikyl, alkyl C3.7 cycloaikyl, 1 -amino alkyl, or 1-(Ci^ alkyl)amino alkyl; or R a 
and R b together form a 1 ,2-phenylene group optionally substituted by one or two methoxy groups; R c 
35 represents alkylene optionally substituted with a methyl or ethyl group and R d and R e independently 
represent Ci* alkyl; R' represents Ci. e alkyl; R° represents hydrogen or phenyl optionally substituted by up 
to three groups selected from halogen, Ci^ alkyi, or alkoxy; and X is oxygen or NH. 

Examples of suitable in vivo hydroiysabie ester groups include, for example, acyloxyalkyl groups such 
as acetoxymethyl, pivaloyloxymethyl, a-acetoxyethyl, o-pivaloyloxyethyl, 1-(cycIohexylcarbonyloxy)prop-1- 
yl, and (l-aminoethyl)carbonyloxy methyl; alkoxycarbonyloxyalkyl groups, such as ethoxycarbonyloxymethyl 
and a-ethoxycarbonyloxyethyl; dialkylaminoalkyl especially di-loweralkylamino alkyl groups such as 
dimethylaminomethyl. dimethyiaminoethyl, diethylaminomethyl or diethylaminoethyl; lactone groups such as 
phthalidyl and dimethoxyphthalidyl; and esters linked to a second ^-lactam antibiotic or to a ^-lactamase 
inhibitor. 

A further suitable pharmaceutical^ acceptable in vivo hydroiysabie ester group is that of the formula: 



so 




55 



wherein R is hydrogen, Ci^ alkyl or phenyl. 

Suitable pharmaceutical^ acceptable salts of the carboxy group of the compound of formula (I) include 
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metal salts, eg aluminium, alkali metal salts such as sodium or potassium, alkaline earth metal salts such as 
calcium or magnesium and ammonium or substituted ammonium salts, for example those with lower 
aikylamines such as triethylamine, hydroxy-Iower alkylamines such as 2-hydroxyethylamine, bis-(2-hydrox- 
yethyl)-amine or tris-(2-hydroxyethyl)-amine, cycioalkylamines such as dicyclohexylamine, or with procaine, 
dibenzylamine, N.N-dibenzylethylenediamine, 1-ephenamine, N-ethyfpiperidine, N-benzyl-0-phenethylamine, 
dehydroabietylamine, N,N'-bisdehydro-abietylamine, ethylenedFamine, or bases of the pyridine type such as 
pyridine, collidine or quinoline, or other amines which have been used to form salts with known penicillins 
and cephalosporins. Other useful salts include the lithium and silver salt 

Some of the compounds of this invention may be crystallised or recrystaliised from solvents containing 
water. In such cases water of hydration may be formed. This invention includes within its scope 
stoichiometric hydrates as well as compounds containing variable amounts of water that may be produced 
by processes such as iyophilisation. 

Specific compounds within this invention include the following and pharmaceutical acceptable salts 
and in vivo hydrolysable esters thereof:- 
6MD-2[[4-(3,4-Dihydroxybenzy!)-2,3-diox^ 
acid; 

6jHI>2[[4-(3,4-Dihydroxybenzyl)-2,3^ 
formamidopenicillanic acid; 
60-[D-2-K4-(3,4-Dihydroxy benzy 1^2,^ 
methoxypeniciilanic acid; 
6MD-2-[[4-(3,4-Dihydroxybenzyi^ 
6a-formarnidopeniciilanic acid; 
60-[D-2-(3.4-Diacetoxyphenyl)-2^ 
acetamido]-6crformamidopeniciilanic acid; 
60-[D-2-[[4-(4,5Oihydroxypyridin-2-ylmett^ 
formamidopenicillanic acid; 

6MD-2-[[^3,4<lihydroxybenzyl)-2,3-dioxopiperazin-1-yl]carbonylamin 
(hydroxymethyl) penicillanic acid; 

6HD-2-([4-(3,4-Dihydroxybenzyl)-2,3-dioxopiperazin-1- y»]carbonylamino]-2-[(4-aminophenyl)acetamido]-6a- 

formamidopenicilianic acid; 
7MD-2^[*(3,4-Diacetoxybenzyl)-2£^^ 

3-[(1 .S.^thiadiazol^-ylJthiomethytlceph-S-em-^carboxylic acid; 

7^[D-2-[[4-(3,4-Diacetoxybenzyl)-2,3<lioxopip^^ 

3-[(1-methyl-J H-tetrazol-5-yl)thiomethyl]ceph-3-em-4-carboxylic acid; 

7Ml>2-[[4-(3,4-Dihydroxybe 

formamido-3-t(1 ,3 t 4-thiadiazol-2-yl)thiomethyl]^^ acid; 

60-[D-2-(3,4~Diacetoxyphenyl)-2-^ 

acetamido]-6a-(hydroxymethylpenicillanic acid; 

7H2H[4-{3,4-Dihydroxybenzyi)-2,3«dioxopiper^ 

formamido-3-[(1 ,3,4-thiadiazol-2-yl)thiomethyl]ceph3-em-4-carboxylic acid; 

7/3-tD-2-[[4-(3,4-Dihydroxybenzyl)-2.3Klioxopiperazin-1-yl]carbonylamino]-2^ 

formamido-3-[(1-methyl-1 H-tetrazol-5-yl)thiomethyi]ceph-3-em-4-carboxylic acid; 

e0.[2-[[4-(2,3^ihydroxybenzyl>2^ 

formamidopenicillanic acid; 

7/S-[D-2-[[4-(2,3-Dihydroxybenzyi)-2.3<lioxopiperazin-1-yl]carbonylamin 

formamido-3-[(1 ,3,4-thiadiazol-2-yl)thiomethyi]ceph-3-em-4-carboxylic acid; 

6/3-[D-2-{4-(3,4-Oihydroxyphenyl)-2,3-dioxopiperazin-1-ylcarbonyIamino^ 

formamidopenicillanic acid; 

60-[D-2H4-[2-(3,4-Dihydroxyphenyl)ethy^ 

formamidopenicillanic acid; ^ 

7HDL-2<4-{3,4-Dihydroxyphenyl)-2^ 

formamido-3-[(1 ,3,4-thiadiazol-2-yl)thiomethyl]ceph-3-em-4-carboxylic acid; 
3-Acetoxymethyl-7MD-2W3,4^ihydroxybenz 
phenylacetamido]ceph-3-em-4-carboxyiic acid; 

3-Acetoxymethyl-7j8-{D-2-[4~(1 ,4-dihydro-5-hydroxy-4-oxopyridin-2-yl)methyl-2,3-dioxopiperazin-1- 
ylcarbonylamino]-2-phenylacetamido]ceph-3-em-4-carboxylic acid; and 

[6R.7R] 3-(1 ,3.4-Thiadiazol-2-yl)thiomethy l-7[[R]-2[2,3-dioxo-4(3.4-dihydroxybenzylideneamino)piper azin-1 - 
yl-carbonylamino]-2-phenylacetamido]-7-formamido-ceph-3-em-4-carboxylicacid. 
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The antibiotic compounds according to the invention may be formulated for administration in any 
convenient way for use in human or veterinary medicine, according to techniques and procedures per se 
known in the art with reference to other antibiotics, and the invention therefore includes within its scope a 
pharmaceutical composition comprising an antibiotic compound according to the present invention such as, 
5 for example a compound of formula (I) above together with a pharmaceutical^ acceptable carrier or 
excipient. The compositions may be formulated for administration by any suitable route, such as oral or 
parenteral, or by topical application. The compositions may be in the form of tablets, capsules, powders, 
granules, lozenges, creams or liquid preparations, such as orai or sterile parenteral solutions or suspen- 
sions. 

10 Tablets and capsules for orai administration may be in unit dose presentation form, and may contain 
conventional excipients such as binding agents, for example syrup, acacia, gelatin, sorbitol, tragacanth, or 
polyvinylpyrollidone; fillers, for example lactose, sugar, maize-starch, calcium phosphate, sorbitol or glycine, 
tabletting lubricants, for example magnesium stearate, talc, polyethylene glycol or silica; disintegrants, for 
example potato starch; or acceptable wetting agents such as sodium lauryl sulphate. The tablets may be 

15 coated according to methods well known in normal pharmaceutical practice. Orai liquid preparations may be 
in the form of, for example, aqueous or oily suspensions, solutions, emulsions, syrups or elixirs, or may be 
presented as a dry product for reconstitution with water or other suitable vehicle before use. Such liquid 
preparations may contain conventional additives such as suspending agents, for example sorbitol, methyl 
cellulose, glucose syrup, gelatin, hydroxyethyiceliulose, carboxymethyl cellulose, aluminium stearate gel or 

20 hydrogenated edible fats, emulsifying agents, for example lecithin, sorbitan monooleate, or acacia; non- 
aqueous vehicles (which may include edible oils), for example almond oil, oily esters such as glycerine, 
propylene glycol, or ethyl alcohol; preservatives, for example methyl or propyl £-hydroxybenzoate or sorblc 
acid, and if desired conventional flavouring or colouring agents. 

Suppositories will contain conventional suppository base, eg cocoa-butter or other glyceride. 

25 For parenteral administration, fluid unit dosage forms are prepared utilising the compound and a sterile 
vehicle, water being preferred. The compound, depending on the vehicle and concentration used, can be 
either suspended or dissolved in the vehicle, in preparing solutions the compound can be dissolved in water 
for injection and filter sterilised before filling into a suitable vial or ampoule and sealing. Advantageously, 
agents such as local anaesthetic, preservative and buffering agents can be dissolved in the vehicle. To 

30 enhance the stability, the composition can be frozen after filling into the vial and the water removed under 
vacuum. The dry lyophiiised powder is then sealed in the vial and an accompanying vial of water for 
injection may be supplied to reconstitute the liquid prior to use. Parenteral suspensions are prepared in 
substantially the same manner except that the compound is suspended in the vehicle instead of being 
dissolved and sterilisation cannot be accomplished by filtration. The compound can be sterilised by 

35 exposure to ethylene oxide before suspending in the sterile vehicle. Advantageously, a surfactant or wetting 
agent is included in the composition to facilitate uniform distribution of the compound. 

The composition may contain from 0.1% to 99.5% by weight, preferably from 10-60% by weight of the 
active material, depending on the method of administration. Where the compositions comprise dosage units, 
each unit will preferably contain from 50-500 mg of the active ingredient. The dosage as employed for adult 

40 human treatment will preferably range from 100 mg to 12 g per day for an average adult patient (70 kg), for 
instance 1500 mg per day depending on the route and frequency of administration. Such dosages 
correspond to 1.5 to 170 mg/kg per day. Suitably the dosage is from 1 to 6g per day. The daily dosage is 
normally given by administering the compound 1-4 times daily. 

The antibiotic compounds according to the present invention may be the sole therapeutic agent in the 

45 compositions of the invention or a combination with other antibiotics and/or ^-lactamase inhibitor may be 
employed. 

Advantageously the compositions also comprise a compound of formula (B) or a pharmaceutical^ 
acceptable salt or ester thereof: 
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wherein A is hydroxy!; substituted hydroxyl; thiol; a group of formula SO*R j wherein Rf is Ce alkyl; 
substituted thiol; amino; mono- or di-hydrocarbyl substituted amino; mono- or di-acylamfno; an optionally 
substituted triazolyl group; or an optionally substituted tetrazolyl group as described in EP 0 053 893. 
A further advantageous composition comprises an antibiotic compound according to the invention and a 
s pharmaceutical^ acceptable carrier or excipient together with a ^-lactamase inhibitor of formula (C) or a 
pharmaceutical^ acceptable salt or in vivo hydrolysable ester thereof: 



0 




20 



25 



30 



35 



40 



45 



wherein B is hydrogen, halogen or a group of formula: 

X 

in which R k and R m are the same or different and each is hydrogen, d-e alkoxycarbonyl, or carboxy or a 
pharmaceutically acceptable salt thereof. 

Further suitable j3-lactamase inhibitors include 6-alkylidene penems as described in European Patent 
Application No. 81301683.9 (Publication Number 0 041 768). 

Further suitable ^-lactamase inhibitors include 6jS-bromopenicilIanic acid. and salts and in vivo 
hydrolysable esters thereof and 6jS-iodopenicillanic acid and salts and in vivo hydrolysable esters thereof. 

Such compositions of this invention comprising a ^-lactamase inhibitor are formulated in conventional 
manner. 

The present invention also includes a method of treating bacterial infections in humans and animals 
which comprises the administration of a therapeutically effective amount of an antibiotic compound of this 
invention. 

The antibiotic compounds of the present invention are active against a broad range of Gram positive 
and Gram negative bacteria, for example they are useful for treatment of respiratory tract and urinary tract 
infections in humans and are particularly useful in the treatment of bacterial infections, in immunocom- 
promised patients. A particular advantage of the antibacterially active compounds of the invention in which 
R 6 is formamido, is their stability to ^-lactamase enzymes and they are therefore effective against 0- 
lactamase producing organisms. 

The present invention further provides a process for the preparation of a compound of formula (I) which 
process comprises treating a compound of formula (II): 



50 



R -CH-CO-NH 

I 

NH 
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wherein Y, R s and * are as defined for formula (I), R 12 is hydrogen, -NHCHO, CH2OH -OMe or a suitable 
intermediate group known for the production of -NHCHO or -OMe, and wherein any reactive groups may be 
protected and R x represents hydrogen or a readily removable carboxyl protecting group, with an N-acylating 
derivative of an acid of formula (III): 

R 8 R 7 

, H 

R 9 -X-N NCOOH 

(III) 



wherein R 7 , R 8 , R 9 and X are as defined for formula (I), and wherein any reactive groups may be protected; 
and thereafter if necessary carrying out one or more of the following steps: 

(i) converting an intermediate group R 12 to -NHCHO or OMe ; 

(ii) removing any carboxyl protecting group R x , 

(iii) removing any protecting group on R 9 , 

(iv) removing any protecting group on R s , 

(v) converting the product into a salt or in vivo hydrolysable ester. 
It will be understood that OMe is an abbreviation for methoxy. 

Preferably the intermediate group R 12 known for the production of -NHCHO or -OMe is an amino group 
or -SR 13 group wherein R 13 is Ci^ alkyl, aryl or benzyl. A preferred R 12 group for use in the present process 
is -SCH 3 . Processes suitable for preparing compounds of formula (II) wherein R 12 is -NH2 are disclosed in 
U.S. Patent No. 3962214 and U.K. Patent No. 1348984. Processes suitable for preparing compounds of 
formula (II) wherein R 12 is -SR 13 are well known in the ait and were first disclosed in Tetrahedron Lett.1973, 
273. Processes suitable for preparing compounds of formuia (II) wherein R 12 is CH 2 OH are analogous to 
processes disclosed in J. Antibiotics , 37, 1729-1731, December 1984 (Dixon, Edmondson, Hardy and 
Milner). 

Suitable readily removable carboxyl protecting groups for the group R x include salt and ester 
derivatives of the carboxylic acid. The derivative is preferably one which may readily be cleaved. 

Suitable ester-forming carboxyl-protecting groups are those which may be removed under conventional 
conditions. Such groups for R x include benzyl, g-methoxybenzyl, benzoylmethyl, p-nitrobenzyl, 4-pyridyl- 
methyl, t-butyl, t-amyl, allyl, diphenylmethyl, triphenylmethyl, adamantly, 2-benzyloxyphenyl, 4-methyl- 
thiophenyl, tetrahydrofuran-2-yl, tetrahydropyran-2-yl, pentachlorophenyl, acetonyl, toluenesulphonylethyl, 
methoxymethyl, a silyl, stannyl or phosphorous- containing group or an in vivo hydrolysable ester radical 
such as defined above. 

A carboxyl group may be regenerated from any of the above esters by usual methods appropriate to 
the particular R x group, for example, acid- and base-catalysed hydrolysis, or by enzymically-catalysed 
hydrolysis, or by hydrogenolysis. 

Compounds of formula (III) may be prepared by treating a compound of formula (IV): 




(IV) 



wherein X, R 7 ( R 8 and R 9 are as defined for formula (I) and any reactive groups may be protected with a 
compound of formula (V): 
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II 

0 

s 

wherein A' represents a halogen atom and R 1S represents a halogen atom or an ester residue, and then if 
desired converting 

-C-RlS 

II 

o 



10 



15 to a different reactive derivative in the carboxyi group by a conventional method. 

Suitable groups which permit acyiation to take place and which are optionally present on the amino 
group of the starting material of the formula (II) include N-silyl. N-stannyl and N-phosphorus groups, for 
example trialkylsilyl groups such as trimethylsilyl, trialkyltin groups such as tri-n-butyltin, groups of formula 
-PfVW wherein R p is an alkyl, haloaikyl, aryl, aralkyl, alkoxy, haloaikyl, aryl. aralkyl, alkoxy, halqalkoxy, 

20 aryloxy. aralkyloxy or dialkylamino group. R« is the same as R p or is halogen or R* and R« together form a 
ring; suitable such phosphorus groups being *P(OC2H s )2, -P(C2H 5 )2, 

O ( CH 2 ) 2 0 < ^2 ) 3 

| | and | | 
P O P o 



Compounds of formula (IV) in which X is -CH 2 - may be prepared by treating the compound of formula (VI): 
R 9 -CH 2 NH NH 2 ( V D 



35 



wherein R 7 f R 8 and R 9 are as defined in respect of formula (I) with an ester or activated derivative of oxalic 
acid of formula: 

40 n 

coal 



coz 2 

wherein Z 1 and Z 2 are the same or different ester or activating group. Suitable derivatives of oxalic acid 
include diethyl oxalate . 

Suitably this reaction is carried out under reflux in a solvent such as ethanol. 



so 



55 
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Compounds of formula (VII): 



R8 R 7 

r9 ch-n-n .m (ViD 
} i 



10 

0 0 



wherein R 7 , R 8 and R 9 are as hereinbefore defined may be prepared by processes analogous to those 
J5 disclosed in US Patent 4,189.482 and US Patent 4,515,789; and may readily be converted to an N-acylating 
derivative of the acid of formula (VIII): ' 

R 8 R 7 



R 9 CH~N-N NCOOH (VIII) 




25 

by activation and treatment with a compound of formula (V) as disclosed hereinabove. 
Compounds of fotmula lIXJ: 

R8 R 7 

« R 9 CH2NH-N NH (IX) 

0 0 

40 wherein R 7 , R 8 and R s are as hereinbefore defined are prepared by a reduction of compound of formula 
(VII), for example by hydrogenation. 

Compounds of formula (X): 



50 

0 



R8 R7 
\ I 

R 9 CONHN NH (X) 



55 wherein R 7 , R 8 and R 9 are as hereinbefore defined may be prepared by treatment of a compound of 
formula (XI): 
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r9 

H2NN /NH ( XI > 




10 with an acylating derivative of the acid R 9 C00H wherein R 9 is as hereinbefore defined. Compounds of 
formula (XI) are known from British Patent 1554799 and also may be prepared by acid hydrolysis of a 
compound of formula (XII): 

ArCH=H-N ,NH (XII) 



20 

0 0 

wherein Ar represents aryl and R 7 and R 8 are as hereinbefore defined. 
Compounds of formula (XIII): 

R*CO N NH (XIII) 



35 



wherein R 7 . R 8 and R 9 are as hereinbefore defined may be prepared from a compound of formula (XIV): 

40 



R8 



m' m (xiv) 



so optionally substituted by a group which permits acylaiion to take place, by treatment with an acylating 
derivative of the acid R 9 COOH. * 

Compounds of formula (XIV) are prepared by processes analogous to those disclosed in 
J.Am.Chem.Soc . t 1948, 70, 1967 (C.E. Goulding and C.B. Pollard). 

The compounds of formula (I) may also be prepared by treating a compound of formula (XV): 

55 
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5 




(XV) 



wherein Y, R 12 and R* are as hereinbefore defined and any reactive groups may be protected or a 
compound of formula (XV) wherein the amino group is substituted by a group which permits acylation; with 
TS an N-acylating derivative of an acid of formula (XVI): 

R 5 -$H-COOH 



m 

I 

20 CO 

7 I 

R 



25 R 8 ' ^ 



XX 

X (XVI) 

is 



wherein R s , R 7 , R B and R 9 are as defined in respect of formula (l) and wherein any reactive groups 
therein may be protected and thereafter if necessary carrying out one or more of the following steps: 

(i) removing any carboxyl protecting groups R*; 

(ii) removing any protecting groups on R 9 ; 

(iii) removing any protecting groups on R 5 ; 

(iv) converting the product into a salt or in vivo hydrolysable ester. 

Suitable groups which permit acylation to take place and which are optionally present on the amino 
group of the starting material of the formula (XV) are as described hereinabove in respect of formula (II). 

An appropriate reactive N-acylating derivative of the acid (XVI) is employed in the above process. 

Suitable N-acylating derivatives include an acid halide. preferably the acid chloride or bromide. 
Acylation with an acid halide may be effected in the presence of an acid binding agent for example, tertiary 
amine (such as pyridine, 4-N,N-dimethylaminopyridine or dimethylaniline), an inorganic base (such as 
calcium carbonate or sodium bicarbonate) or an oxirane, which binds hydrogen halide liberated in the 
acylation reaction. The oxirane is preferably a (Ci^)-1,2-aikylene oxide - such as ethylene oxide or 
propylene oxide. The acylation reaction using an acid halide may be carried out at a temperature in the 
range -50 *C to +50* C, preferably -20 *C to +20*c. in aqueous or non-aqueous media such as water, 
acetone, tetrahydrofuran, ethyl acetate, dimethylacetamide, dimethytformamide, acetonitrile, dich- 
loromethane, 1 ,2-dichloroethane, or mixtures thereof. Alternatively, the reaction may be carried out in an 
unstable emulsion of water-immiscible solvent, especially an aliphatic ester or ketone, such as methyl 
isobutyl ketone or butyl acetate. 

The acid haiide may be prepared by reacting the acid (XV!) or a salt thereof with a halogenating (eg 
chlorinating or brominating) agent such as phosphorus pentachloride, thionyl chloride or oxaiyl chloride. 

Alternatively, the N-acylating derivative of the acid (XVI) may be a symmetrical or mixed anhydride. 
Suitable mixed anhydrides are alkoxyformic anhydrides, or anhydrides with, for example, carbonic acid 
monoesters, trimethyl acetic acid, thioacetic acid, diphenylacetic acid, benzoic acid, phosphorus acids (such 
as phosphoric or phosphorous acids) or aliphatic or aromatic sulphonic acids (such as methanesulphonic 
acid or p-toluenesulphonic acid). When a symmetrical anhydride is employed, the reaction may be carried 
out in the presence of 2,6-lutidine as catalyst. 
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Alternative N-acylating derivatives of acid (XVI) are the acid azide. or activated esters such as esters 
with 2-mercaptopyridine. cyanomethanol. £-nitrophenol, 2,4-dfnitrophenol, thiophenol, halophenols, including 
pentachlorophenol. monomethoxyphenol, N-hydroxy succinimide. N-hydroxybenzotriazole, or 8-hydrox- 
yquinoline; or amides such as N-acylsaccharins. N-acylthiazolidin-2-thione or N-acylphthalimides; or an 

5 alkylidene iminoester prepared by" reaction of the acid (VII) with an oxime. 

Other reactive N-acylating derivatives of the acid (XVI) include the reactive intermediates formed by 
reaction in situ witha condensing agent such as a carbodiimide. for example, N.N'-diethyh di-n-propyl- or 
diisopropVlcaSodiimide. N^'-di-cyclohexylcarbodiimide, or N^thyl-NH3-(dimethylamino)propyl]- 
carbodiimide; a suitable carbonyl compound, for example. N.N'-carbonyldilmidazole or N.N'-carbonyl- 

10 ditriazole; an isoxazolinium salt, for example, N-ethy|.5-phenylisoxazolinium-3-sulphonate or N-t-butyl-5- 
methylisoxazolinium perchlorate; or an N-alkoxycarbonyl 2-alkoxy-1 l 2-dihydroquinoline, such as N-ethox- 
ycarbonyl 2-ethoxy-l ,2-dihydroquinoline. Other condensing agents include Lewis acids (for example BBr 3 - 
CeHs); or a phosphoric acid condensing agent such as diethylphosphorylcyanide. The condensation 
reaction is preferably carried out in an organic reaction medium, for example, methylene chloride, 

js dimethyiformamide. acetonitriie, alcohol, benzene, dioxan or tetrahydrofuran. 

Compounds of formula (II) may be prepared by reacting a compound of formula (XV) with a N-acyiating 
derivative of an acid of formula (XVII): 



20 



25 



35 



40 



45 



R5ca-co 2 H 

1hr15 (XVII) 



wherein R 5 and * are as hereinbefore defined and R 15 is an amino protecting group: and thereafter removing 
the protecting group R 1S . ^ „. . „ s 

Suitable amino-protecting groups R 1S include those disclosed hereinabove in respect of R 5 . R 7 and R 8 . 
Particularly preferred groups R 1S are 3-ethoxycarbonyl prop-2-en-2-yl 4-nitrobenzyloxycarbonyl and 
30 trichloroethyloxycarbonyl. 

Compounds of formula (II) may also be prepared by reacting a compound of formula (XV) with an N- 
acylating derivative of an a-azido acid of formula (XVHI): 



r5-CH-C0 2 H 

\ 2 (XVIII) 



wherein R 5 and * are as hereinbefore defined; followed by reduction of the azido group to an amino group 
by conventional methods such as catalytic hydrogenation. or dissolving metal reduction. 

Processes for the preparation of compounds of formula (XV) in which R 12 is formamido are disclosed in 
the U.K. patent 21 07307B. 

The present invention further provides a process for the preparation of a compound of formula (I) 
wherein R 6 is formamido by reacting a compound of formula (XIX): 



50 
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(XIX) 



wherein R s t R 7 , R 8 , R 9 R*. X, R 13 and * are as hereinbefore defined and wherein any reactive groups may 
be protected; with a heavy metal ion such as mercury, silver, thallium, lead or copper and thereafter in situ 
with a nucieophilic derivative of formamide. This process is analogous to processes disclosed in European 
Patent Application m. 84300338.5 (Publication No. 0115405). 

Compounds of formula (XIX) may be prepared from compounds of formula (I) in which R 6 is hydrogen 
by processes such as those disclosed in UK Patent GB-2107307B. 

Compounds of formula (I) in which R 6 is formamido may also be prepared by formylating a compound 
of formula (XX): 




(XX) 



wherein R s , R 7 , R 8 , R 9 , R* X and * are as hereinbefore defined and wherein any reactive groups may be 
protected. This process is analogous to processes disclosed in UK Patent GB-2107307B. 

References to processes suitable for preparing compounds of formula (XIX) and formula (XX) have 
been discussed hereinabove with respect to formula (II) 

The present invention still further provides a process for the preparation of a compound of formula (I) 
wherein R 6 is methoxy by reacting a compound of formula (XIX) with methyl alcohol in the presence of 
metal ions such as silver, thallium or mercuric ions. This process is analogous to processes disclosed in UK 
Patent 1439898 and European Patent publications 0027010 and 0070103. 

The antibiotic compounds of the invention are active against a wide range of Gram-negative and Gram- 
positive organisms including E.coli such as NCTC 10418, DC2 and DCO, Klebsiella pneumoniae T767 and 
Pseudomonas Spp . such as P .aeruginosa for example K 79961 and 10662. Compounds of formula (l) in 
which R 6 is not hydrogen exhibit improved 0-lactamase stability over those in which R G is hydrogen. 

The following Examples illustrate the preparation and biological activity of the compounds of the 
invention. 
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Example 1 



Sodium 6M[>2[W3.4-DihYdroxvb8nzYl)-2^ 
penicillanate 



(a) l-(3.4-Dibenzvloxvbenzvn-2,3-dioxopiperazine 

N-(3,4-Dibenzyloxybenzyl)ethylenediamine (7.8g) and diethyl oxalate (5.84g) were refluxed in ethanol for 
4h. The solvent was removed under reduced pressure and the residue recrystallised from ethanol to give 
the title compound (5.0g; 60%). mp 194-195* C (Found: C, 7t.7; H. 5.8; N, 6.5. C25H24N2O* requires C, 
72.1; H, 5.8; N, 6.7%); «w (KBr) 1704 and 16B1cnr*; 5 H (250MHz; CDCI3) 3.24 (4H. bs, N(CH 2 ) 2 N), 4.54 
(2H, bs, NCHzAr), 5.17 <4H. bs, 2 x CH 2 Ph). 6.73-7.47 (13H, m, Ar), 7.98 (1H, bs. exchangeable, NH) 
(Found: m/z 416.1737. M+ C 2 sH 2 *N 2 04. requires 416.1736). 



(b) Sodium 6^ri>2-rr4-(3>DibenzvloxybenzviV2 t 3-dioxopiperazin-l - vncarbonylamino1-2-phenylacetamido> 
penicillanate 

1-(3.4-Dibenzyloxybenzyl)-2,3-dioxopiperazine (4l6mg) was dissolved in dry dichloromethane (10ml) 
under Argon, cooled to 0-5* C and treated with trimethylsiiyl chloride (240mg). After 15 min, triethylamine 
(1l1mg) was added and the mixture was stirred at 0-5* C for t.5h. The reaction mixture was treated with 
excess phosgene (liquid) and stirred at 0-5* C for 15 min before being allowed to warm to ambient 
temperature over 0.5h. The reaction mixture was stirred at ambient temperature for 1 h then evaporated to 
dryness under reduced pressure. The residue, >w (CHCfe) 1800cm- 1 , was suspended in atetone (10ml) 
and the suspension added, dropwise. to a solution of sodium 6HD-2-amino-2-phenylacQtamido> 
* penicillanate (371 mg) in water (10ml) and acetone (10ml). The pH Qf the reaction was maintained between 7 
and 8 by addition of saturated aqueous sodium hydrogen carbonate when necessary. The reaction mixture 
was stirred at ambient temperature for 15 min after the addition was complete before it was diluted with 
ethyl acetate (75ml) and water (25ml). The phases were separated, the aqueous phase washed with ethyl 
acetate (50ml) and then acidified to pH 2 with 5M hydrochloric acid in the presence of ethyl acetate (50ml). 
The phases were separated, the aqueous phase further extracted with ethyl acetate (25ml), the extracts 
combined, washed with water at pH 2 (25ml), water (25ml). saturated brine (25ml), dried (MgSO*) and 
evaporated to dryness under reduced pressure to give the free acid (350mg; 44%) as a white powder. 

The free acid was dissolved in acetone (minimum) and treated with a 1.93M solution of sodium 2- 
ethylhexanoate in methyl iso-butyl ketone (227ul). Diethyl ether (50mi) was added and the title compound 
collected by filtration, washed with diethyl ether and dried under reduced pressure (324mgr 40%); *w - 
(KBr) 1766f, 1713, 1683, and 1604cm" 1 ; 5 H [250MHz; (CD 3 ) 2 SO + D2O] 1.38 and 1.51 <6H, 2s, 2-C(CH a ) 2 ), 
3.68-3.87 <4H, bm. N(CH 2 hN), 3.90 (1H, s, 3-H), 4.38-4.57 (2H, m. NCH 2 Ar), 5.12 (4H, s. 2 x CH 2 Ph), 5.28 
(1H. d, J 4Hz, 5-H), 5.41 (1H, d, J 4Hz, 6-H), 5.73 (1H. bs, 2'-H), and 6.84-7.50 (18H, m, Ar); m/z (FAB.) 
836 (MNa+ 8%), 461 (50). 439 (100), 420 (20), 257 (36), and 204 (22). 



(c) Sodium 6MD-2-r[4-(3,4-Dihydroxobenzvl)-2,3-dioxop^ 
penicillanate 

Sodium 6MD-2-[[4-(3,4-dibenzyloxybenz 
penicillanate (180mg) was dissolved in water (20ml) and' hydrogenated at standard temperature and 
pressure over 10% palladium on carbon (180mg) and palladium black (180mg). After 2.5h, the mixture was 
filtered through 'Oolite'. The filtrate was washed with ethyl acetate (20ml) and acidified to pH 2 with 5M 
hydrochloric acid in the presence of ethyl acetate (50ml). The phases were separated, the aqueous phase 
further extracted with ethyl acetate (20ml), the extracts combined, washed with water and saturated brine, 
dried (MgSOi) and evaporated to dryness under reduced pressure to give the acid (92mg; 66%). 

The acid was dissolved in acetone (minimum) and treated with a 1.93M solution of sodium 2- 
ethylhexanoate in methyl iso-butyl ketone. Diethyl ether (50ml) was added and the title compound (87mg; 
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60%) collected by filtration, washed with diethyl ether and dried under reduced pressure, p m ax (KBr) 1764, 
1712. 1676, and 1605cm- 1 ; 5 H [250MHz; (CD 3 ) 2 SO] 1.41 and 1.54 (6H f 2s, 2-C(CH 3 )2), 3.32-3.51 (4H, m, N- 
(CH 2 )2N), 3.83 (1H, s, 3-H), 4.41 (2H, bs, NCH 2 Ar). 5.24 (1H, d, J 4Hz. 5-H), 5.32-5.43 (1H, m, 6-H), 5.73 
(1H, d, J 7Hz, 2*-H), 6.50-6.70 (3H, m. C 6 H 3 ). "7.24-7.50 (5H, m, CeHs) 9.28 (1H, bd, J 5Hz, exchangeable, 
5 60-CONH), and 9.84 (1H. d, J 7Hz, exchangeable, 2'-NH); m/z (FAB.) 656 (MNa + . 28%), 634 (MH + , 19), 
556 (15), 530 (8), 420 (80), 398 (58), 394 (33), 302 (31), and 30? (100). 



Example 2 

10 



Sodium 6fl-[D-2[[4-(3,4-Dihydroxybenzyl)-2,3-dto^^ 
mamidopenicillanate 

75 



(a) Benzyl 6iHD-2-f[4-(3.4-Dibenzyloxybenzyl)-2,3-dioxopi^^ 
6a-methylthiopeniciilanate 

20 

A solution of benzyl 6/S-[D-2-amino-2-phenylacetamido]-6a-methylthiopenicilianate (485mg) in 
tetrahydrofuran (10ml) containing triethylamine (101mg) was treated with a suspension of 4-<3,4-dibenzylox- 
ybenzyl)-2,3-dioxopiperazin-l-ylcarbonyi chloride in tetrahydrofuran (10ml) (prepared from 1-(3,4-diben- 
zyloxybenzyl)-2,3-dioxopiperazine (416mg) as described in Example 1). After 0.5h, the reaction mixture was 

25 diluted with ethyl acetate (50ml) and water (50ml) and the phases separated. The organic phase was 
washed with water (2 x 25ml), saturated brine (25ml), dried (MgSO*) and evaporated to dryness under 
reduced pressure. The crude ester was purified by chromatography through silica (<230 mesh ASTM), 
eiutlng with 50% ethyl acetate in cyclohexane to give the title compound (650mg; 70%) as an off-white 
foam, y max (KBr) 1779. 1742, 1714. and 1683cm- 1 ; 5 H (250MHz; CDCI 3 ) 1.01 and 1.23 (6H, 2s, 2-C(CH 3 ) 2 ), 

30 2.29 (3H. s, SCH 3 ), 3.00-3.30, 3.41-3.55, and 3.71-3.84 (4H, 3m t N(CH 2 )2N), 4.33 (1 H, s, 3-H), 4.41 and 4.58 
(2H, ABq, J 12Hz, NCH 2 Ar), 5*10-5.25 (6H, m, 3 x CH 2 Ph), 5.50 (1H, d, J 7Hz, 2'-H), 5.54 (1H, s, 5-H), 
6.66-6.89, 7.07-7.17, and 7.22-7.56 (24H, 3m, aromaticsltnd 60-CONH, exchangeable), 10.02 (1H, d. J 7Hz, 
exchangeable, 2^-NH); m/z (F.A.B.) 928 (MH*. 20%). 884 (13), 548 (20), 325 (20), 303 (78). 279 (4lT. 250 
(100). and 232 (27). 

35 

(b) Benzyl 6fl-[D-2-[[4-(3.4-DIbenzyloxybenzy))-2.3-dioxop^ 
6a-formamidopenicillanate 

40 Benzyl 6^-[D-2-[[4-(3,4-dibenzyloxybenzyl)-2,3-dioxopiperazin-1-yi]carbonylamino]-2-phenylacetamido 
6a-methylthiopenicillanate (400mg) in dry N.N-dimethylformamide (5ml) was treated with mercuric acetate 
(138mg) followed by ammonia in dry N,N-dimethylformamide (1.1 eq). After 15 min, the reaction mixture 
was diluted with ethyl acetate (50ml) aneTfiltered through 'CeliteV The filtrate was washed with water (5 x 
25mi), saturated brine (25ml), dried (MgSOO and evaporated to dryness under reduced pressure. The 

45 residue was dissolved in dry dichloromethane (20ml) under Argon and treated at ambient temperature with 
pyridine (341 mg) and acetic formic anhydride (190mg). After 3h, the reaction mixture was washed with 
water (20ml), saturated aqueous sodium hydrogen carbonate (20ml), water (20ml), saturated aqueous 
copper (II) sulphate (20ml), water (20ml) and saturated brine (20ml) before being dried (MgSO*) Evaporation 
to dryness under reduced pressure gave a foam, which was purified by chromatography trough silica (<230 

so mesh ASTM), eluting with 20% cyclohexane in ethyl acetate (100ml), 10% cyclohexane in ethyl acetate 
(100ml), ethyl acetate (100ml) and finally 10% ethanol in ethyf acetate. The title compound was obtained as 
a foam (203mg, 51%), ^ (KBr) 1785, 1740. 1715, and 1687cm- 1 ; 5 H [250MHz; (CD 3 hCO] 0.90 and 1.15 
(6H, 2s, 2-0(0^^). 3.35-3.54 and 3.73-3.90 (4H, 2m. N(CH 2 ) 2 N), 4.39 (1H, s, 3-H), 4.48 and 4.68 (2H. ABq, 
J 14Hz, NCH 2 Ar), 5.11-5.28 (6H, m, 2 x OCH 2 Ph and C0 2 CH 2 Ph), 5.59 (1H, s. 5-H). 5.71 (1H, d. J 7Hz, 2'- 

55 H), 6.86-7.09 (3H, m, C 6 H 3 ), 7.17-7.63 (20H, m, 4 x CsHs), 8.18 (1H, d, J 1Hz, CHO), 8.26 (1H, bs. 
exchangeable, NHCHO), 8.78 (1H, s, exchangeable, 60-CONH), and 10.08 (lH7d, J 7Hz, exchangeable, 2'- 
NH); m/z (F.A.B.)l42 (MNa* 16%), 925 (MH + , 20), 303 (12), 250 (100), and 232 (10). 
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(c) Sodium 6g-fD-2-[[4-(3.4-Dihydroxybenzyi)-2.3<lioxori^^ 
g-formanrtidopenicillanate 

Benzyl 60-[D-2-[[4-(3,4-dibenzyloxybenzyI)-2 f 3^ 
8a-formamidopeniclllanate (276mg) was dissolved in redistilled tetrahydrofuran [25ml) and hydrogenated at 
standard temperature and pressure for 2h over 10% palladium on carbon (276mg). The catalyst was 
removed by filtration through Celite, the filter bed washed with redistilled tetrahydrofuran (25ml) and the 
filtrate hydrogenated for a further 2,5h at standard temperature and pressure over a mixture of 10% 
palladium on carbon (280mg) and palladium black (280mg). The catalyst was removed by filtration through 
Celite, th filter bed washed with redistilled tetrahydrofuran (25ml) and the filtrate. evaporated to dryness 
under reduced pressure to yield the free acid (190mg; 97%). This was dissolved in acetone (minimum) and 
the solution treated with 1.93M sodium 2-ethylhexanoate in methyl iso-butyi ketone (0.15ml). Diethyl ether 
was added (50ml) and the product collected by filtration, washed with diethyl ether and dried under reduced 
pressure (160mg; 79%), * max (KBr) 1770, 1710, 1676, and 1608cm' 1 ; B H (250MHz; O2O) 0.84 and 1.23 (6H, 
2s, 2-C(CH 3 ) 2 ), 3.49-3.61 and 3.83-3.96 (4H, 2m, N(CH 2 ) 2 N), 4.13 (1H, s, 3-H). 4.54 (2H, bs. NCHaCsHa), 
5.44 (1H. s, 5-H), 5.56 (1H, s, 2*-H), 6.76 (1H. bd. J 8Hz. Ar 6-H). 6.84 (1H, bs, Ar 2-H), 6.88 (1H, d, J 8Hz, 
Ar 5-H), 7.36-7.54 (5H, m, CsHs), and 8.09 (1H, s. GHO); m/z (FAB.) 677 (MH+ 98%). 655 (62), 441 (100), 
and 413 (47). 

Example 3 



Sodium 6/HD-2-f[4-(3.4-Dihydroxybenzyl)-2.3-dto^ 
methoxypenicillanate 



(a) Benzyl 6frfD-2-{[4-(3,4-Dibenzyloxvbenzyl^ 
6g-methoxypenicillanate 

Benzyl 6HD-2-[[4-(3,4-dibenzylO)cybenzyl)-2,3-dioxopiperazin-1-yl]carbony 
6o-methylthiopenicillanate (204mg) was suspended in methanol (20ml) and complete dissolution obtained 
by addition of tetrahydrofuran (minimum). The reaction was purged with Argon and treated with mercuric 
acetate (70mg). After 0.5h, the reaction mixture was filtered through Celite and evaporated to dryness under 
reduced pressure. The crude foam was purified by chromatography through silica (<230 mesh ASTM), 
eluting with 50% ethyl acetate in cyclohexane grading to ethyl acetate giving the title compound (177mg; 
88%), Pmax (KBr) 1776, 1742, 1714. and 1685cm- 1 ; « H [250MHz; (CDafcCO] 0.95 and 1.20 (6H, 2s, 2-C- 
(CH 3 ) 2 ), 3.47 (3H. s, OCH3). 3.37-3.52 and 3.75-3.94 (4H, 2m, N(CH 2 ) 2 N), 4.38 (1H, s. 3-H), 4.58 (2H, bs. 
NCH2C6H3), 5.09-5.27 (6H, m, 2 x 0CH 2 Ph and C02CH 2 Ph). 5.46 (1H, s, 5-H). 5.69 (1H, d, J 7Hz, 2*-H), 
6.86-7.07 (3H, m, CsH a ), 7.16-7.63 (20K m. 4 x CsHs). 8.79 (1H, bs. exchangeable. 6/S-CONH), and 9.98 
(1H, d. J 7Hz. exchangeable, 2--NH); m/z (F.A.8.) 912 (MH + , 10%), 576 (7), 548 (25), 518 (8), 458 (12). 303 
(81), 250 (100). 246 (22). and 235 (9). 

(b) Sodium 6MD-2-[[4-(3 i 4-Dihvdroxybenzvl)-2,3-dioxopiperazin-1-vl]carbonyfamino>2-p 
crmethoxypenicillanate 

Benzyl 6/HD-2-tf4-(3 f 4-dibenzyloxybenzyl^ 
60-methoxypenicillanate (160mg) was dissolved in redistilled tetrahydrofuran (25ml) and hydrogenated at 
standard temperature and pressure over 10% palladium on carbon (160mg). After 2h, the catalyst was 
removed by filtration through Celite. the filter bed washed with redistilled tetrahydrofuran (25ml) and the 
filtrate evaporated to dryness under reduced pressure. The residue was redissoived in redistilled 
tetrahydrofuran (20ml) and sodium hydrogen carbonate (14.7mg) in water (5ml) added. This mixture was 
hydrogenated at standard temperature and pressure over a mixture of 10% palladium on carbon (lOOmg) 
and palladium black (lOOmg) for 3h. The catalyst was removed by filtration through Celite, the filter bed 
washed with water (20ml) and the filtrate washed with ethyl acetate (25ml) before being acidified to pH 2 
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with 5M hydrochloric acid in the presence of ethyl acetate (25mi). The phases were separated, the aqueous 
phase further extracted with ethyl acetate (25ml), the extracts combined, washed with water (25ml), water at 
pH 2 (25ml), water (25ml) and saturated brine (25ml) before being dried (MgSO*). Evaporation of the 
solvents under reduced pressure gave the acid (76.5mg; 70%), which was redissolved in acetone 
(minimum) and treated with 1.93M sodium 2-ethylhexanoate in methyl iso-butyl ketone (61 ul). Diethyl ether 
(50ml) was added and the title compound (91 mg; 78%) collected by filtration, washed with diethyl ether and 
dried under reduced pressure. * max (KBr) 1763, 1712, 1683, and 1609cm -1 ; 8 H (250MHz; D 2 0) 0.81 and 
1.23 (6H, 2s, 2-C(CH 3 ) 2 ), 3.34-3.52 and 3.68-3.88 (4H, 4m, N(CH 2 ) 2 N), 3.49 (3H, s, OCH 3 ), 4.09 (1H, s, 3- 
H), 4.45 (2H, m, NCH 2 CsH 3 ), 5.41 (1H, s, 5-H), 5.44 (1H, s, 2'-H), 6.66-6.86 (3H, m, C 6 H 3 ), and 7.30-7.47 
(5H, m, CsHs); m/z (FAB.) 686 (MNa*. 7%), 664 (MH* 13), 428 (20). 391 (25), 282 (28), 279 (19), 259 (31). 
239 (100), 237 (55), and 221 (16). 



Example 4 



Sodium 6MD-2-[r4-(3.4-Dihydroxybenzyl)-2,3-dloxofl 
acetamido]-6a-formamidopeniciilanate 



(a) Benzyl 6MD-2-(4-Benzyloxycarbonytoxyphenyl)-2-[W^ 
carbonylamino1acetamido>6a-methylthiopenicillanate 

Benzyl 6HD-2-(4-benzyloxy<^onyloxyphenyl)-2-(4-nitro^ 
methylthiopenicillanate (814mg) was dissolved in tetrahydrofuran (minimum), the solution diluted to turbidity 
with water then clarified by addition of tetrahydrofuran. The pH of the solution was adjusted to 2 with 5M 
hydrochloric acid and zinc powder (1.6g) was added. The mixture was stirred vigorously and the pH 
maintained at 2-3 by addition of more 5M hydrochloric acid when necessary. When deprotection was 
complete, the mixture was diluted with ethyl acetate (50m!) and filtered through Celite. The filter bed was 
washed with ethyl acetate (25ml) and the phases in the filtrate separated. The organic phase was washed 
with water (25ml) and saturated brine (25ml) before drying (MgSO*). Removal of the solvents gave crude 
benzyl 6MD-2-amino-2-(4-benzyloxycart>onyloxyphenyO This was 

purified by chromatography through silica (<230 mesh ASTM), eluting with chloroform then 10% methanol 
in chloroform, giving the amine as a foam (558mg; 88%). The amine was dissolved in tetrahydrofuran 
(10ml), triethylamine (101 mg) added and this solution treated with a suspension of 4-(3,4-dibenzyloxyben- 
zyl)2,3-dioxopiperazin-1-ylcarbonyl chloride (formed from 1-(3,4-dibenzyloxybenzyl)-2,3-dioxopiperazine 
(416mg) as described in Example 1). After 1h at room temperature, the reaction mixture was diluted with 
ethyl acetate (50ml) and water (20ml) and the phases separated. The organic phase was washed with water 
(25ml), saturated brine (25ml), dried (MgS04) and the solvents removed under reduced pressure. 
Chromatography through silica (<230 mesh ASTM), eluting with 50% ethyl acetate in cyclohexane, gave the 
title compound (471mg; 44%), * max (CHCIa) 1760, 1715. and 1685cm- 1 ; 8 H [250MHz; (CD 3 ) 2 CO] 1.01 and 
1.18 (6H, 2s. 2-C(CH 3 ) 2 ), 2.27 (3H, s, SCH 3 ), 3.37-3.55 and 3.74-3.95 (4H, 2m, N(CH 2 ) 2 N), 4.38 (1H. s, 3-H), 
4.57 (2H. bs. NCH 2 C 6 H 3 ), 5.14-5.27 (8H. m. 4 x CH 2 Ph). 5.45 (1H, s, 5-H). 5.74 <1H, d, J 7Hz, 2'-H). 6.95- 
7.68 (27H, m. Ar), 8.82 (1H, s, exchangeable, 60-CONH), and 10.07 (1H. d, J 7Hz. exchangeable. 2-NH); 
m/z (FAB.) 1100 (MNa*. 10%). 859 (9). 505 (20). 482 (65), 460 (21), 434 (20) and 411 (100). 



(b) Benzyl 6HD-2-(4-Benzyloxvcarbonyloxyphenyl)-2-{[4^^ 
carbonyiamino]acetamidol-6a-formamidopenicillanate 

Benzyl 6MD-2-(4-benzyloxycarbonyloxyphenyl)-2-[[^^ 
carbonylamino]acetamido]-6a-methyithiopenici!Ianate (470mg) was dissolved in dry N,N-dimethylformamide 
(5ml) and treated at ambient temperature with mercuric acetate (I39mg) and then a 10% excess of 
ammonia in dry N,N-dimethylformamide. After 15 min, the reaction mixture was diluted with ethyl acetate 
(50ml) and filteredlhrough Celite. The filter bed was washed with ethyl acetate (25ml) and the filtrate 
washed with water (5 x 25ml), saturated brine (25ml), dried (MgSOi) and evaporated to dryness under 
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reduced pressure. The residue was redissolved in dry dichloromethane (20ml), pyridine (346mg) and acetic 
formic anhydride (192mg) added and the mixture stirred at ambient temperature for 3h. The reaction 
mixture was washed with water (25ml), saturated aqueous sodium hydrogen carbonate (25ml), water (25ml), 
saturated aqueous copper (II) sulphate (25ml), water (25ml), saturated brine (25ml) and dried (MgSO*). 
Evaporation under reduced pressure then chromatography through silica (<230 mesh ASTM) eluting with 
chloroform then ethyl acetate, gave the title compound (350mg; 75%), r ma x (KBr) 1781, 1761, 1710, and 
1687cm- 1 ; 5 H [250MHz; (CD 3 ) 2 CO] 0.94 and 1.19 (6H, 2s, 2-C(CH 3 ) 2 ), 3.33-3.55 and 3.71-3.94 (4H r 2m, N- 
(CH 2 ) 2 N), 4.40 (1H, $, 3-H), 4.39 and 4.77 (2H, ABq, J 15Hz, NCH 2 C 6 H 3 ). 5.13-5.31 <8H. m, 4 x CH 2 Ph), 
5.60 (1H, s. 5-H), 5.77 (1H, d, J 7Hz. 2'-H), 6.87-7.72 (27H, m, Ar). 8.18 (1H, s f CHO), 8,28 (1H, bs. 
exchangeable. NHCHO), 8.90 (1H7s, exchangeable, 60-CONH). and 10.13 (1H, d, J 7Hz, exchangeable, 2'- 
NH); m/z (FAB.)~1075 (MH + , 44%), 323 (7), 303 (11), and 250 (100). 



(c) Sodium 6MD-2-[f4-(3,4-Dihvdroxvbenzvl^^ 
acetamido]-6tt-formamidopenicillanate . 

Benzyl 6/5-[D-2-(4-benzyioxycarbonylo)cyphenyl)-2-{[4- (3,4-dibenzyloxybenzyl)-2.3-dioxopip8razin-1-yl]- 
carbonylamino]acetamido]-6o-formamidopenicilianate (350mg) in redistilled tetrahydrofuran (25ml) was hy- 
drogenated over 10% palladium on carbon (350mg) for 2h. Filtered through Celite, the filter-bed washed 
with redistilled tetrahydrofuran (10ml) and 10% palladium on carbon (350mg) and palladium black (350mg) 
added to the filtrate. The mixture was then hydrogenated at standard temperature and pressure for a further 
4h before the above process was repeated. When deprotection was complete (by HPLC) the catalyst was 
removed by filtration through Celite. the filter bed washed with redistilled tetrahydrofuran (10mi) and the 
filtrate evaporated to dryness under reduced pressure to give the free acid (200mg). This was redissolved in 
acetone (minimum) and treated with 1.93M sodium 2-ethylhexanoate in methyl iso-butyl ketone (0.15ml). 
Diethyl ether (50ml) was added and the sodium salt (130mg; 59%) collected by filtration, washed with 
diethyl ether (50ml) and dried under reduced pressure. * max (KBr) 1772, 1715, 1683 and 1609cm- 1 ; 5 H - 
(250MHz; D 2 0) 0.80 and 1.27 (6H, 2s, 2-C(CH 3 ) 2 ). 3.30-3.48 and 3.68-3.90 (4H, 2m. N(CH 2 fcN). 4.11 (1H, s. 
3-H), 4.44 and 4.47 (2H. ABq. J 15Hz. NCH 2 CsH 3 ), 5.29 (1H, s. 5-H), 5.54 (1H, s, 2--H), 6.64-7.30 (7H, m, 
Ar), and 8.06 (1H, s, CHO); m/z>AB.) 693 (MH + , 3%). 457 (6), 439 (6), 323 (5), 295 (7), 279 (10), 257 (5), 
237 (100), 232 (18).'217 (80), 215 (52), 214 (38). and 205 (11). 



Example 5 



Sodium 6)8-fP-2-(3.4-Diacetoxyphenyl)-2^ 
acetamido]-6a-formamidopenicillanate 



(a) Benzyl 6frfO-2-(3.4-0iacetoxyphenyl)-2-ff^ 
carbonylamino1acetamido]-6a-methvithiopenicillanate 

Benzyl 6j8-[D-2-(3,4^iacetO)cyphenyl)-2-(4^itrobenzyloxycarbonylamin 
thiopenicillanate (780mg) was dissolved in tetrahydrofuran (20ml). Water was added to turbidity then 
tetrahydrofuran was added to obtain a clear solution. Zinc (l.6g) was added, the pH adjusted to 2 with 5M 
hydrochloric acid and the mixture stirred vigorously until deprotection was complete (by TLC). The pH was 
maintained between 2 and 3 by addition of 5M hydrochloric acid when necessary. When deprotection was 
complete, the reaction mixture was diluted with ethyl acetate'- (50ml) and water (20ml) and filtered through 
Celite. The filter bed was washed with ethyl acetate (20ml) and the phases in the filtrate separated. The 
organic phase was washed with water (2 x 25ml), saturated brine (25ml), dried (MgSOO and evaporated to 
dryness under reduced pressure. Chromatography through silica (<230 mesh ASTM), eluting with chlo- 
roform then 10% ethanol in chloroform, gave benzyl 6j8-[D-2-(3,4-diacetoxyphenyl)-2-aminoacetamido]-6o- 
methylthiopenicillanate as a white foam. This was redissolved in tetrahydrofuran (10mi), triethylamine 
(101mg) added followed by a suspension of 4-(3,4-dibenzyloxybenzyl)-2,3-dioxopiperazin-1-ylcarbonyl chlo- 
ride (prepared as described in Example 1 from l-(3,4-dibenzyloxybenzyl)-2.3-droxopiperazine (416mg)). 
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After 0.5h, the mixture was diluted with ethyl acetate (50ml) and water (25ml) and the phases separated. 
The organic phase was washed with water (25ml), saturated brine (25ml), dried (mgSO*) and evaporated to 
dryness under reduced pressure Chromatography through silica (<230 mesh ASTM), eluting with 50% ethyl 
acetate In cyclohexane, gave the title compound (480mg; 47%) as a white foam, v max (KBr) 1774, 1750 sh, 
1713 and 1687cm- 1 ; 5 H [250MHz; (CDa^CO] 1.07 and 1.24 (6H, 2s, 2-C(CH 3 ) 2 ), 2.14. 2.16 and 2.18 (9H, 
3s, 2 x CH3CO2 and SCH 3 ), 3.38-3.56 and 3.74-3.95 (4H, 2m, N(CH 2 ) 2 N), 3.58 (2H. bs, NCH 2 Ar), 4.39 (1H, 
s, 3-H), 5.15-5.21 (6H, m, 3 x CH 2 Ph), 5.44 (1H, s, 5-H), 5.75 (1H, d,J 7Hz, ^-H), 6.87-7.56 (21 H, m, Ar). 
8.88 (1H, s. exchangeable, 60-CONH), 10.08 (1H, d, J 7Hz, exchangeable, 2-NH); m/z (FAB.) 1066 (MNa\ 
32%), 672 (12), 650 (100), 602 (14), 482 (14), 461 (23), 439 (35). 434 (9) and 411 (24). 



(b) Benzyl 6/3-{D-2-{3 f 4-Diacetoxyphenyl)-2-{[4-(3 i 4-dibenzvloxvbenzyi)-2,3-dioxopiperazin-1-yi> 
carbonylamino1acetamido1-6a-formamidopenicillanate 

Benzyl 6H D -2-(3,4-diacetoxyphenyl)-2-[[4-(3,4-dibenzyloxybenzyl)-2,3-dioxopiperazin-1-yl]- 
carbonylamino] acetamido]-6a-methylthiopenicillanate (480mg) was dissolved in dry N.N-dimethylformamide 
(5ml) and treated with mercuric acetate (147mg) then a 10% excess of ammonia in dry N,N-dimethylfor- 
mamide. After 15 min, the reaction mixture was diluted with ethyl acetate (50ml) and filtered through Ceiite. 
The filter bed was washed with ethyl acetate (25ml) and the filtrate washed with water (5 x 25ml), saturated 
brine (25ml), dried (MgSO*) and evaporated to dryness under reduced pressure. The residue was dissolved 
in dry dichloromethane (20ml) and treated with pyridine (364mg) then acetic formic anhydride (202mg). 
After 3h, the reaction mixture was washed with water (20ml), saturated aqueous sodium hydrogen carbonate 
(20ml), water (20ml), saturated copper (I!) sulphate (20ml), water (20mi) and saturated brine (20ml) before 
drying (MgSO*) and evaporation to dryness under reduced pressure. Chromatography through silica (<230 
mesh ASTM), eluting with chloroform then 80% ethyl acetate in cyclohexane grading to ethyl acetate, gave 
the title compound (276mg; 58%) as a foam, * max (KBr) 1776, 1745. 1715, and 1688cm- 1 ; 5 H [250MHz; 
(CD 3 )2CO] 0.98 and 1.23 (6H. 2s, 2-C(CH 3 k), 2.24 and 2.25 (6H. 2s, 2 x CH 3 C0 2 ), 3.35-3.56 and 3.72-3.95 
(4H. 2m, N(CH 2 ) 2 N), 4.40 (1H, s, 3-H), 4.44 and 4.64 (2H. ABq, J 15Hz, NCH^Ha). 5.11-5.24 (6H, m, 3 x 
CH 2 Ph) f 5.59 (1H, s, 5-H), 5.76 (1H, d, J 7Hz, 2'-H), 6.86-7.58 (21 H, m, Ar)."8.17 (1H,.d, J 1Hz, CHO), 8.28 
(1H, bs, exchangeable. NHCHO), 8.93 (1H, bs. exchangeable. 6/S-CONH). and 10.12 (1H, d. J 7Hz. 
exchangeable. 2MMH); m/z (F.A.B.) 1041 (MH*. 7%), 303 (13), and 250 (100). 



(c) Sodium 6j3-[D-2-(3,4-Diacetoxyphenyl)-2-[[4-(3,4-dihydroxvbenzvl)-2 t 3-dioxopiperazin-1-yl]- 
carbonylamino1acetamido1-6orformamidopenicillanate 

Benzyl 6/8-[D-2-(3,4-diacetoxyphenyl)-2-[[4-(3,4-dibenzyloxybenzyl)-2,3-dioxopiperazin-1-yl]- 
carbonylamino] acetamido]-6a-formamidopenicillanate (250mg) in redistilled tetrahydrofuran (20ml) was 
hydrogenated at standard temperature and pressure over 10% palladium on carbon (250mg) for 1.5h. The 
reaction mixture was filtered through Ceiite and the filter bed washed with redistilled tetrahydrofuran (20ml). 
The filtrate was hydrogenated at standard temperature and pressure for 4h over 10% palladium on carbon 
(200mg) and palladium black (200mg). The catalyst was removed by filtration through Ceiite, washed with 
redistilled tetrahydrofuran (20ml) and the filtrate evaporated to dryness under reduced pressure to give the 
acid (185mg; 100%). The free acid was redissoived in acetone (minimum) and treated with 1.93M sodium 
2-ethylhexanoate in methyl iso-butyl ketone (0.10ml). Diethyl ether (100ml) was added and the title 
compound (149mg; 78%) collected by filtration, washed with dietyl ether and dried under reduced pressure, 
*W (KBr) 1770, 1715, 1680, and 1608cm- 1 ; 5 H (250MHz; D 2 0) 0.84 and 1.23 (6H. 2s, 2-C(CH 3 ) 2 ), 2.25 and 
2.26 (6H, 2s, 2 x CHsCO^, 3.24-3.52 and 3.61-3.85 (4H, 2m, N(CH 2 hN), 4.14 (1H, s f 3-H), 4.40 and 4.48 
(2H, ABq. J 15Hz. NCHaCsHs), 5.42 (1H. s, 5-H), 5.57 (1H. s, 2'-H), 6.68-6.83 (3H, m, C 6 H 3 (OH) 2 ), 7.15-7.42 
(3H, m, C 6 H 3 (OAc) 2 ), and 8.07 (1H, s, CHO); m/z (FAB.) 793 (MH + . 7%), 579 (7). 557 (48), 259 (28), 206 
(28), 160 (60), 131 (100), 123 (80), and 115 (76). " 



Example 6 
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Sodium 6l-fD-2-fr4-(4.5-Dihvdroxypvridin-2^ 
phenylacetamido]-6g-formamidopenicillanate 



s 

fel 4.5-Dibenzvloxy-2-hvdroxymethylpyridine 

A mixture of 5«benzyloxy-4-hydroxy-2-hydroxymethylpyridine (2.31 g), benzyl chloride (1.27ml, 1.1 eq) 
and potassium carbonate (2.76g, 2 eq) in DMF (50ml) was heated at 50* C for 18h. The reaction mixture 

10 was poured into water (100ml) and extracted with dichioro methane. After washing with brine, the combined 
extracts were dried (MgSO*) and evaporated to dryness. The residue was triturated with dichloromethane 
and the crystalline l-ben2yl-5-benzyloxy-2-hydroxymethyipyrid-4-one filtered off (0.81 g. 25%) m.p. 143-4 C 
(Found: C, 74.5; H. 6.0; N, 4.3. C20H19NO3 requires C. 74.7; H. 6.0: N, 4.4%), *w(KBr) 3166, 1628, 1553" 
1524, 1494. 1479, and 1450cm" 1 ; S H (CDCI3-CD3OD) 4.33 (2H, s, CH 2 OH), 5.00 and 5.08 (4H, 2s, PhCH 2 0 

is and PhCH 2 N). 6.40 (1H, s. 3-H), and 6.9-7.3 (1 1 H, m, 2 x C e H 5 and 6-H). 

The "mother liquor was chromatographed on silica (25g) eluting with 0 to 6% methanol in dich- 
loromethane to give the desired product (1.83g, 57%) m.p. 84-5 *C (Found: C, 74.5; H, 5.9; N, 4.3. 
C 2 oH, 9 N03 requires C, 74.7; H, 6.0; N, 4.4%), * max (KBr) 2400-3400 (broad), 1594, 1566. 1508, 1498. and 
1452cm- 1 ; 5 H (CDCI3) 4.55 (2H, s, CH 2 OH), 5.08 (4H, s, 2 x PhCH 2 0), 6.88 (1H, s, 3-H), 7.32 (10H, m, 2 x 

20 C$H 5 ), and 7.98 (1H,s, 6-H). 



fb) N-(4.5-Diben2yloxvpyridin-2-ylmethyi)pipera2ine»2.3-dione 

25 Thionyl chloride (4.5ml, 10 eq) was added to a solution of 4,5-dibenzyloxy-2-hydroxymethylpyridine 
(1.0g) in dichloromethane (50mi). The solution was refluxed for Ih then cooled and evaporated to dryness to 
give 4,5-dibenzyloxy-2-chloromethylpyridine hydrochloride (1.15g, 100%); r max (CH 2 Ci 2 ) 2250, 1960, 1867, 
1608, 1542, 1482, and 1450cm- 1 ; 6 H (CDCI3) 5.03 and 5.16 (4H, 2s, 2 x PhCH 2 ), 5.42 (2H. s, CH 2 CI), 7.35 
(1QH,' m, 2 x CbHs), 7.62 (1H. s. 3-H). and 8.11 (1H, s, 6-H). The hydrochloride, (1.15g) was redissolved in 

30 dichloromethane (100ml) and treated with ethylene diamine (30ml). After refluxing for 2.5h the reaction 
mixture was treated with sodium hydroxide (0.4g) in water (20ml). The organic layer was separated, washed 
with brine and dried (MgSO*) then evaporated to dryness (1.05g. 93%), 5 H (COCI3) 2.42 (4H, m. NCH 2 CH 2 ), 
2.70 (3H, br, NH and NH 2 ), 3.74 (2H, s, CH 2 IMH), 5.15 (4H, 2s, 2 x PhCHa), 6.88 (1H, s, 3-H), 7.35 (10H, m. 
2 x CsH 5 ), and 8.03 (1H, s, 6-H). Diethyl oxalate (0.8mi, 1.5 eq) was added to a solution of ethylene 

35 diamine derivative (1.05g) in ethanol (20ml) and the mixture heated at 80 *C for 5b. After cooling the 
product was filtered off and washed with diethyl ether to give the title compound (Q.69g, 57%) m.p. 229- 
230 'C (Found: C. 68.4; H, 5.6; N, 9.9. CkiH^O* requires C, 69.0; H, 5.6; N, 10.1%), iw (nujol) 3205, 
1709, 1680, and 1662cm- 1 ; 5„ [(CDshSO] 3.29 and 3.45 (4H, 2m, NCH2CH2N), 4.56 (2H. s, NCH 2 ), 5.16 
and 5.23 (4H, 2s, 2 x PhCH 2 ), 7.05 (1H, s, 3-H), 7.3-7.5 (10H, m, 2 x C S H S ). 8.15 (IH, s, 6-H), and 8.0 (1H, 

40 br, NH); m/z 417 (M*, 3%)7326 (13), 305 (3), 237 (4), 199 (3) and 91 (100). 



(c) N-[4,5-Pibenzv[oxvpyridin-2-ylmethyl1-2.3-dioxopiperazine N'-carbonyi chloride hydrochloride 

45 Trimethylsilylchloride (0.56ml. 4.4 eq) was added to a suspension of N-(4,5-dibenzyloxypyridin-2- 
ylmethyi)-piperazine-2,3-dione (0.41 7g) in dichloromethane (20mi). After stirring for 0.25h triethylamine 
(0.31ml, 2.2 eq) was added and the reaction stirred for a further l.5h. The solution was treated dropwise 
with condensed phosgene (excess) for 10 min. and stirred for 1h. The precipitated product was filtered off, 
washed with dichloromethane and dried to yield (0.408g, 79%) m.p. >250 # C, iw (nujol) 2500 (broad), 

so 1960, 1795, 1711. 1688, 1615 and 1438cm- 1 _ 

(d) Benzyl 6HD-2-[[4-(4,5-Dibenzylo)cvpvr^ 
phenvlacetamido1-6g-methylthiopenicillanate 

55 

N-[4,5-Dibenzyloxypyridin-2-ylmethyl]-2,3-dioxopiperazine N'-carbonyl chloride hydrochloride (0.258g) 
was added to a suspension of benzyl 6i8-(D-2-amino-2-phenylacetamido)-6a-methylthiopeniciilanate (0.292g) 
and triethylamine (0.104ml) in THF (25ml). After stirring at room temperature for 1h, the reaction mixture 
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was filtered and the filtrate diluted with ethyl acetate. The solution was washed with brine, dried (MgSOO 
and evaporated to an oil which was chromatographed on silica (5g), eiuting with 0 to 6% methanol in 
dichloromethane. Pure fractions were combined-and evaporated to yield a colourless oil (0.4g, 86%), v max - 
(CH2CI2) 3400. 3300, 1782, 1746, 1718, 1693, 1589, 1510, and 1498cm- 1 ; 5 H (CDCI3) 0.93 and 1.20 (6H, 2s, 
5 2-CMea), 2.22 (3H, s. SCH 3 ), 3.47 and 3.73 (4H, 2m, NCH 2 CH 2 N), 4.20 (1H, s, 3-H). 4.50 (2H, brs, NCH 2 ), 
5.05, 5.07, and 5.10 (6H, 3s. 3 x PhCH 2 ), 5.42 (1H, s. 5-H), 5.60 (1H, d. PhCH). 6.78 (1H, s, pyridyl 3-H), 
7.24 (16H, m t 3 x C 6 H 5 + NHCO), 7.90 (1H, s, pyridyl 6-H), and 9.91 (1H,*d, NHCO); m/z (FAB.) 951 
(MNa*. 73%), 929 (MH*. 6), 879 (7), 534 (78), 462 (55), and 440 (100). 

70 

(e) Benzyl 6HD-2-[[4-(4,5-Dibenzyloxypyridin-2-ylmethy!)-^ 
phenylacetamido1-6a-formamidopenicillanate 

A solution of benzyl 6/8-tD-2*t[4-(4 l 5-dibenzyloxypyridin-2-ylmethyl)-2 l 3-dioxopiperazin-1 -yl]- 

75 carbonylamino]-2-phenylacetamido]-6a-methyIthiopeniciilanate (0.4g) in DMF (15ml) at 0*C under argon., 
was treated with mercuric acetate (0.1 5lg, 1.1 eq) followed by ammonia (0.01 lg, 1.1 eq) in DMF (0.5ml). 
The reaction was allowed to warm to room temperature over ih then diluted with ethyl acetate (80ml), 
filtered and the filtrate washed with water (4 x 20mi) and brine before drying (MgSO*) and evaporating to 
dryness. A solution of this 6a-amino derivative in dichloromethane (20ml) at 0*C was treated with pyridine 

20 (0.35ml, 10 eq) followed by acetic formic anydride (0.1 9g, 5 eq). The reaction was stirred at 0 # C for 0.5h f 
room temperature for 1h and then diluted with dichloromethane. The solution was washed with 0.5M 
hydrochloric acid, dilute aqueous sodium hydrogen carbonate and then dried (MgSO*). The solvent was 
removed under reduced pressure and the residual oil was chromatographed on silica (6g) eiuting with 0 to 
6% methanol in dichloromethane to give the title compound (0.25g, 63%), v max (CH2CI2) 3400, 3295, 1785, 

25 1744, 1718, 1692, 1588, 1509, 1461, and 1455cm- 1 ; 5 H (CDCI 3 ) 0.90 and 1.18 (6H, 2s, 2-CMe2), 3.4-4.0 
(4H, m, NCH2CH2N), 4.40 (1H, s, 3-H), 4.65 (2H, m, NCH 2 ), 5.15 <6H, m, 3 x PhCH 2 ), 5.50 (1H, d, PhCH), 
5.56 (1H, s, 5-H), 7.04 (1H, s, pyridyl 3-H), 7.15-7.55 (15H, m, 3 x CeHs), 5.71 and 7.83 (2H, 2brs, 2 x 
CONH), 8.03 and 8.12 (2H, 2s, NHCHO and pyridyl 6-H), and 10.05 (1H, d, PhCHNH); m/z (F.A.B.) 948 
(MNa*, 29%), 531 (1 00). 462 (82). and~440. (90). 

30 • 

(f) Sodium 6j9-[D-2-[[4-(4,5-Dihydroxypyrdin-2-ylmethyl)-2 t 3Hjioxopiperazin-1-yl1carbonylamino1-2- 
phenylacetamido>6tt-formamidopenicillanate 

35 Benzyl 6jHD-2-{[4-(4,5-dibenzyloxypyridin-2-ylm^ 

phenylacetamido>6a-formamidopenicillanate (0.1 25g) in THF (20ml) with 10% palladium on charcoal 
(0.1 25g) and palladium black (0.1 25g) was shaken in an atmosphere of hydrogen for 6h. The catalysts were 
filtered off through Celite and the residues washed with 50% methanol in THF. The filtrate and washings 
were evaporated to dryness (0.055g) and the residue redissolved in 50% methanol in THF (20ml). The 

40 solution was treated with 0.084M sodium hydrogen carbonate (1ml, 1 eq). After diluting the solution with 
water (20ml), the organic solvent was removed under reduced pressure and tee aqueous fraction freeze- 
dried to give the title compound (0.055g, 60%), * max (KBr) 3281, 1770. 1682, 1606, 1508, and 1 395cm" 1 ; a H 
(D 2 0) 0.84 and 1.25 (6H, 2s, 2-CMe 2 ), 3.69 and 4.01 (4H, 2m, NCH2CH2N), 4.17 (1H, s, 3-H), 4.66 (2H, s, 
NCH 2 ), 5.47 (1H, s, 5-H), 5.56 (1H, s, PhCH) t 6.53 (1H, s f pyridyl 3-H), 7.37-7.60 (5H, m, C 6 H 5 ), and 8.11 

45 (IH, s, NHCHO); m/z (FAB.) 678 (MH*, 14%), 656 (12), 490 (6), and 237 (100). 



Example 7 

50 

Sodium 6j8-[D-2-[[4-(3 t 4-dihydroxybenzyl)-2,3-dioxopiperazin-1-yl1carbonylamino]-2-phenylacetamido]-6a- 
(hydroxymethy Qpenici llanate 

55 
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(a) D-2^[4-(3>Dibenzvloxvben2vl^2 t 3"dioxopiperazin»1 -yl)carbonylamino1-2-phenylacetic acid 

D-Pheny!glycine (0.1 51 g; 1.0 mmol) was suspended in 1,1,1,3,3,3-hexamethyldisilazane (5ml) with 
chiorotrimethyisilane (0.1ml) and was heated at reflux under argon for 1h, after which time complete solution 

s was attained. Excess reagent was removed by evaporation under reduced pressure and the residue was 
dissolved in dry tetrahydrofuran (10ml). The solution was stirred at 0*C and was treated with a filtered 
solution of [4-(3,4-dibenzyloxyben2yl)-2,3-dioxopipera2in-1-yl] carbonyl chloride in dry tetrahydrofuran 
(10ml) [prepared from l^^ibenzyloxybenzylhiS-dioxopiperazine (0.41 6mg; LOmmol) as described In 
Example 1]. The mixture was allowed to warm to room temperature and stirring was continued for 18h. After 

io this time the reaction mixture was evaporated to dryness under reduced pressure. The residue was 
dissolved in ethyl acetate and was washed with dilute hydrochloric acid (2 x 25ml) and saturated brine 
(25ml). before being dried (MgSOO- Evaporation to dryness under reduced pressure gave the titte 
compound as a white foam (0.393g. 66%); v max (KBr) 3289. 3032. 1740 (sh), 1715, 1688. and 1510cm-'; 5 H 
(250MHz; (CD 3 ) 2 C0] 3.45 (2H, m, piperazine CH 2 ), 3.89 (2H. m. piperazine CH 2 ), 4.58 (2H, s. NCH 2 Ar), 

75 5.16 and 5.17 (4H. 2s. 2 x.OCH 2 Ph), 5.51 (1H. d. J 7Hz, NHCHPh), 6.90 (1H. dd, J 8Hz and 2Hz, Ar 6-H). 
' 7.04 (2H. m. Ar-H), 7.16-7.67 (15H. m, 3 x C 6 H 5 ) and 9.97 (1H. d. J 7Hz. CONHCH); m/z (positive xenon 
: F.A.B.; 3-nitrobenzylalcohol - NaOAc) MNa* 616. 

zo b) Benzyl 6fr[D-2-n4-(3.4-dibenzyloxybenzy^^ 
6a-(hvdroxymethyl)penicillanate 

D-2-[[4-(3,4-Dibenzyloxybenzyl)-2,3-dio^ acid (0.297g; 

O.Smmol) in dichloromethane (10ml) containing N.N-dimethylformamide (1 drop) was converted to the acid 

25 chloride by treatment with oxalyl chloride (0.08ml; 1mmol). After stirring at room temperature for 1.5h the 
solution was evaporated to dryness under reduced pressure, treated with dichloromethane. and re- 
evaporated. The residue [v mBX (CH 2 CI 2 ) 1800cm" 1 ] was dissolved in dichloromethane (10ml) and added 
dropwise to a solution of benzyl 6/5-amino-6a-(hydroxy methyl)penicillanate (0.1 68g; 0.5mmol) and pyridine 
(0.06ml; 0.75mmol) in dichloromthane (10ml) at Q*C. The reaction mixture was stirred at 0-5 *C for 0.5h, 

30 followed by 2h at room temperature before being evaporated to dryness under reduced pressure. The 
residue' was dissolved in ethyl acetate and was washed with dilute hydrochloric acid (3 x 20ml), dilute 
aqueous sodium hydrogen carbonate (3 x 20ml) and saturated brine (20mi) before being dried (MgSO*). 
and evaporated to dryness under reduced pressure to yield the crude product. Chromatography on silica 
gel 60 (<230 mesh ASTM) with ethyl acetate/hexane 4:1 as eiuant gave the title compound as a white foam 

35 (0.049g; 11%); *w (CH 2 Cl 2 ) 3280. 1780. 1750. 1720. 1695. and 1510 cm* 1 ; 5 H (250MHz, CDCfe) 1.07 and 
1,21 (6H. 2s. 2-C(CH 3 ) 2 ), 3.01-3.30 (2H. m. piperazine CH 2 ), 3.49 (1H f m. piperazine CH). 3.65 (1H. m. 
piperazine CH). 4.02 (1H. m. exch. on D 2 0, CH 2 OH). 4.08-4.37 (2H. m, ABq on D 2 0 J 12Hz. CH 2 OH). 4.38 
(1H, s. 3-H), 4.45 and 4.54 (2H, ABq. J 14Hz, NCH 2 Ar), 5.06-5.22 (6H, m, 2 x OCH 2 Ph, C0 2 CH 2 Ph), 5.41 
(1H. d. J 6Hz. NHCHPh), 5.48 (1H. s. 5-H), 6.69 (1H, d, J 2Hz. Ar-H). 6.74 (1H. dd. J 8Hz and 1Hz. Ar-H). 

40 6.84 (1H, d. J 8Hz, Ar-H), 7.00-7.59 (20H, m. 4 x C S H 5 ), 7.62 (1H. s. NHCO) and 9.96 (1H. d. J 6Hz. 
NHCH); m/z (positive xenon FAB.; 3-nitrobenzyl-alcohol-NaOAc) MNa* 935. 

(c) Sodium 6MD-2-C[4-(3.4-dihvdroxYbenzyl)-2,3-dioxopiperazin-1-vl)cari3onvla^ 
45 g-(hydroxymethvnpeniciilanate 

Benzyl 6i8-[D-2-[[4-(3.4-dibenzyloxybenzyl)-2 i 3-dioxopiperazin-1-yl]carbonylamino>2-phe 
6a-(hydroxymethyl)penicillanate (0.037g; 0.05mmol) was dissolved in dry tetrahydrofuran (10ml) and 
hydrogenolysed at room temperature and pressure for 3h over 10% palladium on carbon (0.1 30g). The 

so catalyst was removed by filtration through "Celite" and the filtrate was evaporated to dryness under 
reduced pressure. The residue was suspended in water and the pH was adjusted to 6.5 with dilute aqueous 
sodium hydrogen carbonate. The resultant aqueous solution was washed with ethyl acetate and freeze dried 
to yield the title compound as a white solid (0.01 4g, 42%); * max (KBr) 3301. 1763, 1714, 1676, 1605, and 
1509cm- 1 ; 5 H (250MHz. D 2 0) 1.06 and 1.33 (6H, 2s, 2-C(CH 3 ) 2 ), 2.79 (2H. m, piperazine CH 2 ). 3.83-4.02 

55 (2H. m. piperazine CH 2 ). 4.01 and 4.13 (2H, ABq, J 12Hz, CHaOH), 4.16 (1H. s. 3-H), 4.57 (2H, s. NCH 2 Ar), 
5.48 and 5.49 (2H. 2s f 5-H and NHCH), 6.76 (1H. dd. J 8Hz and 2Hz, Ar 6-H), 6.85 (1H, d. J 2Hz. Ar 1-H), 
6.89 (1H. d, J 8Hz, Ar 5-H) and 7.39-7!62 (5H. m, C 6 H 5 ); m/z (positive xenon F.A.B.; thioglycerol) MH 664. 
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Example 8 



s Sodium 7MD-2-{[4-(3.4-Diacetoxybenzyl)-2,3-dioxopiper^ 

formamido-3-f(1 t 3>thiadiazol-2«yl)thiomethv{1ceph*3*em-4-cart)oxylate 



w (a) H3,4«Dihydroxybenzyl)-2,3-dioxopiperazine 

1-(3,4-Dibenzyloxybenzyl)-2,3-dioxopiperazine (Example 1a) (LOg) was dissolved in a mixture of metha- 
nol (50ml) and tetrahydrofuran (50ml) and hydrdgenated at standard temperature and pressure over 10% 
palladium on carbon (1.0g). The catalyst was removed by filtration through 'Celite', the filter bed washed 
75 with methanol and tetrahydrofuran (1:1, 2 x 25ml) and the filtrate evaporated to dryness under reduced 
pressure. The resulting foam was triturated under diethyl ether and the resulting, white solid (467mg; 82%) 
collected by filtration, m.p. 248 'C (dec); w (KBr) 3460, 3271, 1707, 1678 and 1653cm- 1 ; 5 H [90MHz; 
(CDahSO + D 2 0] 3.34 (4H, s, N(CH 2 )sN), 4.60 (2H, s, NCH 2 Ar), 6.46-6.79 (3H, m, Ar) (Found: m/z 
236.0788. M*,Ci, H, 2N2O4 requires 236.0796). 



(b) 1-(3,4-Diacetoxybenzyl)-2,3-dioxopiperazine 

1-(3,4*Dihydroxybenzyl)-2,3-dioxopiperazine (740mg) was suspended in dry dichlorometane (20ml) and 
25 treated with pyridine (2 drops), 4-(N i N-dimethylamino)pyridine (2mg) and acetic anhydride (704mg). After 
18h, the reaction mixture was concentrated to low volume under reduced pressure. Ethanol was added and 
a white solid collected by filtration, washed with a little ethanol and diethyl ether to give the product (838mg; 
84%), m.p, 148-1 49 # C (Found: C, 56.21; H, 5.09; N. 8.73. Ci 5 Hi 6 N 2 0 6 requires C, 56,25; H, 5.00; N, 
8 ; 75%); * max (KBr) 3241, 1769, 1700, 1670, 1502, 1424, 1368, 1260, 1210, 1183 and 1112cm- 1 ; 5 H - 
30 [250MHz; (CD 3 ) 2 SO] 2.27 (6H, s, 2 x CH 3 C0 2 ), 3.30-3,41 and 3.41-3.53 (4H, 2m, N(CH 2 hN), 4.60 (2H. s. 
CH 2 Ar), 7.16-7.29 (3H. m, Ar), 8.60' (1H, bs, exchangeable, NH) (Found: m/z 320.1018. M*. Ci S Hi6N 2 0 6 
requires 320.1007). 



35 (c) D-2-[[4-[3,4-Diacetoxybenzyl)-2,3-dioxopiperazin-1»yl]carbonylamino]-2-phenylacetic acid 

1-(3.4-Oiacetoxybenzyl)-2,3-dioxopiperazine (481 mg) in dry dichloromethane (20ml) was treated at room 
temperature under argon with chlorotrimethylsilane (326mg) and, after a further 15 minutes, with 
triethylamine (152mg). After 1.5h, excess phosgene was condensed into the reaction mixture and the 
40 mixture stirred for a further 2.5h. Evaporation to dryness under reduced pressure gave a mixture of 
triethylammonium chloride and 4-(3,4-diacetoxybenzyl)-2,3-dioxopiperazin-1-yl carbonyl chloride [r max - 
(CH 2 Cl 2 ) 1790, 1720 and 1690cm" 1 ]. The mixture was suspended in dry tetrahydrofuran (10ml) and used in 
the next stage. 

D-phenylglycine (227mg) was suspended in a mixture of N.N-hexamethyldisilazane (10ml) and 
45 chlorotrimethylsilane (1ml) and the mixture refiuxed until a clear solution was obtained. Evaporation to 
dryness under reduced pressure gave an oily residue, which was suspended in dry tetrahydrofuran (10ml). 
This suspension was treated at room temperature with the carbonyl chloride suspension and the mixture 
stirred 1h. Ethyl acetate (50ml) and water (20ml) were added, the mixture vigorously agitated and acidified 
to pH 2 with 5M hydrochloric acid. After 15 min, the phases were separated, the aqueous phase further 
so extracted with ethyl acetate (20ml), the organic extracts combined, washed with water at pH 2 (20ml), water 
(20ml), saturated brine (20ml), dried (MgSOt) and evaporated to dryness under reduced pressure to give 
the title compound (387mg; 52%) as a foam; * max (CH 2 CI 2 ) 1765, 1715, 1685, 1203 and 1180cm- 1 ; 6 H - 
(60MHz; CDCI3) 2.20 (6H, s, 2 x CH 3 C0 2 ), 3.10-3.50 and 3.60-3.90 (4H, 2m, NfCH^N), 4.50 (2H, bs, 
NCH 2 Ar), 5.35 (1H, d, J 7Hz. 2-H), 7.00-7.45 (8H, m, aromatics) 7.92 (1H, bs, exchangeable, CCfeH), 9.73 
55 (1H7d, J 7Hz, exchangeable, NH); m/z (F.A.B.) 498 (MH*, 20%), 454 (34), 321 (34), 165 (53) and 123 (100). 
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(d) Benzhydryl y^-tD-a-tt^ta^Diacetoxvbenzvl^aa-dioxopiperazin'I 'vncarbonvlaminol-a^ 

Qhgnyjace^ 

Benzhydryl ZiS-amino-Ta-formamido-a-Cfl.a^thiadiazol- 2-yl)thiomethyl]ceph-3-em-4-carboxylate 
(217mg) and N.N'-dicyclohexylcarbodiimide (91 mg) were dissolved in minimum tetrahydrofuran and the 
resulting solution treated dropwise at ambient temperature with a solution of D-2-[[4-(3,4-diacetoxybenzyl)- 
2,3-dioxopiperazin-1-yl]carbonylamino]-2-phenylacetic acid (200mg) in tetrahydrofuran (minimum). After 
60h, the reaction mixture was diluted with ethyl acetate (50ml) filtered and washed with water (25ml), 
saturated aqueous sodium hydrogen carbonate (25ml), water (25ml), saturated brine (25ml), dried (MgSO*) 
and evaporated to dryness under reduced pressure. Careful chromatography through silica (<230 mesh 
ASTM), eluting with 80% ethyl acetate in cyclohexane (200mi) then 90% ethyl acetate in cyclohexane, gave 
the title compound (164mg; 40%). * max (CH 2 Cl 2 ) 3300 br, 1790, 1730, 1700, 1500, 1380, 1270 and 
1195cm- 1 ; S H [250MHz; (CD 3 ) 2 CO] 2.25 and 2.26 (6H. 2s, 2 x CH 3 C0 2 ). 3.12 and 3.38 (2H, ABq, J 16Hz, 
2-CH 2 ), 3.63-3.68 and 4.03-4.08 (4H, 2m, N(CH 2 ) 2 N). 4.21 and 4.85 (2H, ABq, J 14Hz, CH 2 SHet), 4J1 (2H. 
s, CH 2 Ar), 5.29 (1H, s. 6-H), 5.73 (1H, d. J 7Hz. 2'-H). 6.94 (1H, s, CHPh 2 ), 7.20-7.68 (18H, m, 3 x C 6 H 5 
and CeHg), 8.28 (1H, s. CHO). 8.54 and 8.74 (2H, 2s, exchangeable, 2 x CONH), 9.28 (1H, s. thiadiazole 5- 
H), 10.03 (1H, d, J 7Hz, exchangeable, 2*-NH); m/z (F.A.B.) 1019 (MH*. 27%), 735 (14), 679 (12). 480 (17). 
452 (100) and 424 (45). 



(e) Sodium 7HD-2-rr4-(3.4-Diaretoxybenzv^ 
cr»fomamido-3-r(1.3 t 4-thiadia^^^ 

Benzhydryl 7jHD-2-[[4-(3,4-diacetoxybenzyl)-2,3^ 
pheny!acetamido]-7a-formamido-3-^ em-4~carboxyiate (114mg) was 

dissolved under argon in dry dichloromethane (10ml). The resulting solution was treated with anisole 
(363mg) then trifluoroacetic acid (383mg) at 0-5* C for 5 min, then stirred at room temperature for 15 min. 
The volatiles were removed under reduced pressure and the residue triturated under diethyl ether. The 
resulting off-white solid (71 mg; 75%) was collected by filtration, washed with diethyl ether and suspended in 
water (25mi). The pH of the suspension was adjusted to 6.2 by addition of dilute aqueous sodium hydrogen 
carbonate solution and the mixture filtered. The filtrate was subjected to HP20 chromatography to give the 
title compound (21mg; 22%), after freeze-drying; . ma)C (KBr) 3297, 1768, 1710. 1682. 1624, 1502. 1396. 
1368, 1260, 1209, 1182. 1112 and 1072cm-'; & H (250MHz; D 2 0) 2.33 (6H, s, 2 x CH*C0 2 ), 3.01 and 3.41 
(2H t ABq. J 17Hz, 2-H 2 ), 3.58-3.69 and 3.90-4.00 (4H, 2m, N(CH 2 hN), 3.97 and 4.41 (2H. ABq, J 14Hz, 3- 
CH 2 S), 4.67-4.72 (2H, m, NCH^Ha), 5.23 (1H. s, 6-H), 5.50 (1H, s. 2*-H), 7.22-7.58 (8H, m, C 6 H 5 and 
C 6 H 3 ), 8.01 (1H, s, CHO) and"&37 (1H, s, thiadiazole 5-H); m/z (FAB.) 897 (MNa , 6%), 875 (MH ,11), 
853 (21 ). 452 (23) and 343 (1 00). 



Example 9 



Sodium 6j3-fD-2^[4-(3,4-Oihydroxybenzyi^ 
acetamido1-6a-formamidopenicillanate 



(a) 2-(2.2.2-Trichloroethoxycaiftonylami^ acid 

N-Benzyloxycarbonylaminobenzene (2.3g, 10mmol) and N-2,2,2-trichloroetfioxycarbonyl-2-hydrox- 
yglycine (2.7g. 10mmol) were added to a vigorously stirred mixture of concentrated hydrochloric acid and 
acetic acid (3mi; 17ml). After 0.25h the reaction mixture was partitioned between ethyl acetate (200ml) and 
water (200ml). The organic phase was washed with water (200ml), dried (MgSOO and evaporated to afford 
a brown oil which was azeotroped with chloroform to give a brown foam (5.0g; 100%). Chromatography on 
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silica, eluting with a dichloromethane-ethyl acetate gradient, afforded the product as a white foam (2.8g, 
58%), ? max (KBr) 3331, 2958, 1725, 1601, 1527, 1416, 1319, 1220, 1091 and 1047cm- 1 ; 5 H [90MHz, (CD 3 )- 
2 CO] 4.80 (2H, s, CH 2 CCl 3 ), 5.15 (2H, s, CH 2 Ph), 5.35 (1H, d, J 7Hz), CHC0 2 H), 7.2-7.7 (10H, m, 9 x ArH, 
NHCO2CH2CCI3) and 8.7 (1H, bs. PhNH), m/z (FAB.) 475 (MH*. 15%). 

(b) Benzyi 6j3-fD.L-2-(2,2.2-Trichloroethoxycarbo^ acetamido]- 
6a-formamidopenicillanate 

A solution of benzyl 6/3-amino-6a-formamidopenicillanate (1.39g, 4mmol) and dicyclohexylcarbodiimide 
(0.82g, 4mmoi) in tetrahydrofuran (4ml) at 0 # C was treated with a solution of 2-{2,2,2-trichloroethoxycar- 
bonylamino)-2-(4-benzyloxycarbonylaminophenyl)acetic acid (L90g, 4mmol) in THF (9ml). The reaction 
mixture was stirred at room temperature for 3h, then diluted with ethyl acetate (100ml), filtered through 
celite, washed with water (100ml), dried (MgSO*) and evaporated to afford a white foam (3.6g). Chromatog- 
raphy on silica eluting with 0-4% methanol in dichloromethane afforded first the L-isomer (0.42g; 13%) then 
the D-isomer (0.49g; 15%) both as white foams. L-isomer ^ (CH 2 CI 2 ) 3400, 3300, 2950, 1780, 1730, 
1690, 1595, 1500 and 1310cm- 1 ; 5 H [250MHz; (CD 3 ) 2 CO] 1.33 (3H, s, CH 3 ), 1.42 (3H, s. CH 3 ), 4.50 (1H, s, 
3-H), 4.77 (1H, d, J 12.3Hz, CHHCCI3), 4.85 (1H, d, J 12.3Hz, CHHCCI3), 5.18 (2H, s, CH 2 Ph), 5.23 (2H, s, 
CH 2 Ph), 5.55 (1H, d, J 8.9Hz, CHNH), 5.63 (1H, s. 5-H), 7.3-7.6 (15H, m, 14ArH and NHC0 2 CH 2 CCI 3 ), 8.12 
(1H, d, J. 1.0Hz, NHCHO), 8.30~(1H, bs, NH), 8.60 (1H, bs. NH) and 8.80 (1H, bs, NH); m/z (FAB.) 828 
(MNa*, 45%): D-isome7 r max (CH 2 C! 2 ) 3400, 3300, 2950, 1780, 1735, 1690, 1600, 1590 and 1500cm- 1 ; 5 - 
[250MHz; (CD 3 ) 2 CO] 1.03 (3H, s, CH 3 ), 1.20 (3H, s, CH 3 ), 4.40 (1H, s, 3-H), 4.77 (2H, s, CH 2 CCI 3 ), 5.17 
(2H, s, CH 2 Ph), 5.20 (2H, s, CH 2 Ph). 5.46 (1H, d, J 7.8Hz, NHCH), 5.58 (1H, s. 5-H), 7.3-7.6 (15H, m, 14ArH 
and NHC0 2 CH 2 CCI 3 ), 8.14 (1H, bs. NH), 8.18 (1H, d, J 1.1Hz,~NHCHO), 8.62 (1H, bs, NH), and 8.77 (1H. 
bs, NH), m/z (FAB.) 828 (MNa*, 50%)~ 



(c) Benzyl 6/HD-2-Amino-2-(4-benzyloxycarbonylaminopheny^^ 

A solution of benzyl 6MD-2-(2,2,2-trichloroethoxycarbonylamino)-2-(4-benzyloxycarbonylaminophenyl)- 
acetamido]-6a-formamidopenicillanate (235mg, 0.29mmol) in tetrahydrofuran (15ml) was treated with 1M 
potassium dihydrogen phosphate (1 .5ml, 1 .5mmol) then water (5ml). Freshly acid-washed zinc (0.8g) was 
added with vigorous stirring. After 0.5h the reaction mixture was filtered, and the filtrate partitioned between 
ethyl acetate (100ml) and half-saturated brine (100ml). The organic phase was dried (MgSOO and 
evaporated affording the product as a white glass (170mg; 95%) which was immediately used in the next 
reaction, * max (CH 2 CI 2 ) 3400-3100, 1780, 1730, 1680. 1590. 1500 and 1315cm- 1 ; 5 [250MHz; (CD 3 ) 2 CO] 
1.48 (3H, s, CH 3 ), 1.52 (3H, s, CH 3 ), 4.50 (1H. s, 3-H), 4.52 (1H. s. NHCH), 5.17 (2H. s, CH 2 Ph). 520 (2H, s, 
CH 2 Ph), 5.65 (1H, s, 5-H), 7.3-7.6 (14H, m, ArH), 8.20 (1H, d, J 1.0Hz, NHCHO), 8.30 (1H. bs, NH), 8.50 
(1H, bs, NH), and 8.80 (1H, bs, NH); m/z (FAB.) 654 (MNa*, 28%). 

(d) Benzyl 6MD-2-[[4-(3,4-Dibenzyloxybenzyl)-2, 3-dioxopiperazin-1-yl1carbonviamino]-2-(4-benzyloxycar- 
bonylaminophenyl)acetamido]-6a-formamidopeniciilanate 

A solution of benzyl 6/3-[D-2-amino-2-(4-benzyloxycarbonyiaminophenyl)acetamido]-6a-for- 
mamidopenicillanate (170mg, 0.27mmol) and pyridine (0.25ml, 240mg, 3mmol) in tetrahydrofuran (10ml) 
was treated with a solution of 4-(3,4-dibenzyioxybenzyl)-2,3-dioxopiperazine-1- carbonyl chloride (I44mg, 
0.3mmol) in tetrahydrofuran (5ml). 

After 0.5h the reaction mixture was partitioned between ethyl acetate (200mi) and dilute aqueous 
hydrochloric acid (200ml). The organic phase was washed with dilute acid (200ml), half-saturated brine (2 x 
200ml), dried (MgS0 4 ) and evaporated to afford a white foam (308mg; 100%). Chromatography, eluting with 
a 0-3% gradient of methanol in dichloromethane afforded the product as a colourless glass (I35mg, 46%); 
'm« (CH 2 CI 2 ) 1780, 1735. 1710. 1685. 1600, 1580. 1360 and 1315cm- 1 ; 6 [250MHz; (CD 3 ) 2 CO] 0.96 (3H. s. 
CH 3 ), 1.12 (3H, s, CH 3 ), 3.45 (2H, m, piperazine CH 2 ), 3.85 (2H, m, piperazine CH 2 ), 4.40 (1H, s, 3-H), 4.55 
(1H, d, J 14.6Hz, NCHHAr), 4.62 (1H, d, J 14.6Hz, NCHHAr), 5.15 (8H, m, .4 x CH 2 Ph), 5.59 (1H. s, 5-H), 
5.67 (1H~ d, J 7Hz, CHNH), 6.90 (1H, dd, J 8.2Hz, J 1.9Hz, ArH), 7.05 (1H, bs. ArH), 7.22 (1H. d. - J 8.2Hz. 
ArH), 7.30-7.70 (20H. m. 4 x Ph), 8.16 (1H, d. J 1~3Hz, NHCHO). 8.25 (tH, s. NH), 8.76 (1H, s, NH), 8.80 
(1 H, s, NH) and 1 0.03 (1 H. d, J 7Hz, CHNH). 
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(e) Sodium 6MD-2-M4-(3.4-Dihydroxybenzyl-2,3-dioxopipe^ 
acetamido1-6g-formamidopenicillanate 

A solution of benzyl 6/Hl>2-ff^<3.4-dibenzyloxybenzyl)-2^^ 
nzyloxycarbonylaminophenyl)acetamido]-6o-formamidop8nicillanate (50mg, O.OSmmol) in tetrahydrofuran- 
water (15mJ-5ml) was hydrogenated over 10% palladium on charcoal (50mg) and palladium black (50mg) in 
the presence of sodium hydrogen carbonate (5mg, O.OBmmol) for 4.5h. The reaction mixture was filtered 
and the residue was washed with a solution of sodium hydrogen carbonate (3mg. 0.03mmol) in water (5ml). 
The filtrate and washings were combined and the tetrahydrofuran was removed on a rotary evaporator. The 
resulting solution was freeze-dried affording the product as a light grey powder (33mg. 95%). v maK (KBr) 
3377, 2967, 1768, 1710. 1676. 1611. 1516, 1460. 1397 and 1365cm- 1 ; 5 H (250MHz; D 2 0) 0.89 (3H, s, CH 3 ), 
1.27 (3H. s. CH 3 ), 3.45 (2H, m. piperazine CH 2 ), 3.90 (2H. m. piperazine. CH 2 ), 4.15 (1H. s, 3-H), 4.52 (2H.. 
s, NCH 2 Ar). 5.33 (1H. s. 5-H), 5.57 (1H. s. CHNH). 6.7-6.9 (5H. m. ArH), 7.30 (2H, d. J 8.4Hz. ArH), and 8.10 
(1 H, s, NHCHO). 



Example 10 



Sodium 7iHD-2-[r4-(3,4-Diacetoxybenzyl)-2^ 

formamido-3-[(1 -methyl-1 H-tetrazol-S-ylKhiomethy Hceph-3-em-4-carboxylate 



a) Benzhydryl 7jS-(D-2-t-Butoxvrarbonylamino-2-phenylac^^ -methyl -1 H-tetrazoi-5- 
vnthiomethynceph-3-em-4-carboxylate 

A solution of benzhydryl 7j3-amino-7o-formamido-3-[C1- methyl-1 H-tetrazol-5-yl)thiomethyl]ceph-3-em-4- 
carboxylate (640mg, l.19mmoie) and DCCI (3l9mg, l.54mmole) in dichloromethane (3ml) was treated with 
D-N-t-butoxycarbonytphenylglycine (299mg, 1.19mmole) in dichloromethane (2ml). The resulting heteroge- 
neous mixture was stirred for 144 hours. Fresh dichloromethane (50ml) was then added and the insoluble 
DCU removed by filtration. The resulting solution was then washed with 0.5M-hydrochloric acid (2 x 50ml). 
saturated sodium hydrogen carbonate (3 x 50ml) and brine (1 x 50ml) then dried (MgSCU). Chromatog- 
raphy on silica gel using, chloroform-methanol mixtures as eluant provided the title compound (508mg, 
0.66mmole, 56%) as a white amorphous solid; v max (KBr) 1787 and 1688cm- 1 ; * H (CD3COCD3) 8.6-8.45 
(2H, m, NHCHO and 6-NH), 8.29 (1H. d. NHCHO), 7.7-7.2 (15H, m. 3 x Ph>, 6.92 (1H, s. CHPh), 6.6 (1H. m. 
NHC0 2 ). £49 (1H, d. PhCHCO). 5.27 (1H t s, 6-H). 4.54-4.29 (2H, m, 3-CH z ). 3.93 (3H. s. N-CH3). 3.36 (2H, 
ABq, 2-H 2 ), and 1.4 (9H, sfW); m/z FAB. (3-Nitrobenzyl alcohol/sodium) (+ve ion) 793 (MNa ). 

b) Sodium 7jHD-2-[t4-(3.4-Diacetoxybenzyi^^^ 

formamido-3-f (1 -methyl-1 H-tetrazol-5-yl)thiomethynceph-3-em-4-carfaoxylate 

Benzhydryl 7/S-(D-2-t-butoxycarbonylamino-2-phenylacetamido)-7a-formamido-3-[(1 -methyl-1 H-tetrazol- 
5-yl) thiomethyl]ceph-3-em-4-carboxylate (I25mg) was dissolved in trifiuoroacetic acid (5ml) at room 
temperature and the mixture stirred for 1h under Argon. The solution was evaporated to dryness under 
reduced pressure and the residue azeotroped (2x) with dichloromethane (5ml) then triturated under diethyl 
ether. The resulting solid was collected by filtration, washed with diethyl ether and dried quickly under 
reduced pressure to give 7/S-(D-2-amino-2-pheny lacetamido)-7o-formamido-3-[(1 -methyl-1 H-tetrazol-5-yl)- 
thiomethyl]ceph-3-em-4-carboxyiic acid, trifiuoroacetic acid salt (100mg, 100%). This was suspended in dry 
tetrahydrofuran (4ml), under Argon, and treated with N.O-bistrimethylsilylacetamide (0.2ml) and the mixture 
stirred at room temperature until a clear solution was obtained. This solution was treated with a suspension 
of triethylammonium chloride and 4-(3.4-diacetoxybenzyl)-2 t 3-dioxopiperazin-1-ylcarbonyl chloride 
[prepared for l-(3,4-diacetoxybenzyl)-2 f 3-dioxopiperazine (51.5mg) as described in example 8c] in dry 
tetrahydrofuran (10ml). After 1h at room temperature, the reaction mixture was diluted with water (25ml) and 
ethyl acetate (25ml) and stirred vigorously for 15 min. The phases were separated, the aqueous phase 
further extracted with ethyl acetate (10ml), the extracts combined, washed with water (10ml), water at pH 2 
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(10ml), water (10ml), saturated brine (10ml), dried (MgSOi) and evaporated to dryness under reduced 
pressure to give a glass. The free acid was dissolved in dilute aqueous sodium hydrogen carbonate and 
purified by chromatography on HP20 to give the title compound (19.8mg, 14%) as a white foam, after 
freeze-drying; ymax (KBr) 3300, 1770, 1715, 1686, 1609, 1500, 1391. 1367, 1261, 1211. 1185. and 
5 1113cm- 1 ; 5 H (250MHz: D 2 0) 2.30 (6H, s, 2 x CH 3 C0 2 ), 3.03 and 3.39 (2H, ABq, J 17Hz, 2-H2), 3.48-3.69 
(2H, m, piperazine CH 2 ), 3.80-4.21 (7H, m. N-CH 3 , piperazine CH 2 and 3-CH 2 S),~4.66 (2H, m, NCH 2 Ar), 
5.22 (1H, s, 6-H), 5.47 (1H, s, 2'-H), 7.16-7.47 (8H. m, aromatics), and 8.10 (1H, s, CHO); m/z (F.A.B0 873 
(MH*. 13%), 452 (22), 343 (100) and (34). 

70 

Example 1 1 



75 Sodium 7HO-2-[[4-(3,4-Dihydroxybenzyl)-2,3-dioxopipe^ 

formamido-3-[(1,3,4-thiadiazol-2-yl)thiomethyl1ceph-3-em-4-carboxylate 

7j8-[DL-2-[[4-(3,4-Diacetoxybenzyl)-2,3-dioxopte^ 
formamido-3-[(1,3 f 4-thiadiazol-2-y!)thiomethyl]ceph-3-em-4-carboxylic acid (200mg) was suspended and 

20 stirred in water (10ml). Acetone (1ml) was added and the pH of the mixture adjusted to 8.0 with 2.5% 
aqueous sodium carbonate. Sodium sulphite (72mg) was added and the pH adjusted to 9.0 by addition of 
0.5M-hydrochloric acid. Stirring was continued at pH 9.0, maintained by addition of 2.5% aqueous sodium 
carbonate solution when necessary, until the reaction was complete (hplc). The reaction mixture was 
immediately subjected to chromatography through HP20 and the product (22.7mg) obtained as a white 

25 powder after freeze-drying; p max (KBr) 3289 (br), 1771, 1710. 1677, 1609, 1512, 1396, 1365. 1277, 1202, 
1117, and 1064cm" 1 ; 5 H (250MHz; D20) 2.79 and 3.37 (2H, ABq, J 17Hz. 2-H 2 ). 3.49-3.62 and 3.82-4.01 
(4H. 2m, N(CH 2 )2N), 3.90 and 4.32 (2H. ABq, J 14Hz. 3-CH 2 S), 4.47^4.58 (2H, bm. NCH 2 Ar), 5.21 (1H. s. 6- 
H), 5.48 (1H, s, 2'-H), 6.73-6.86 (3H, m, CsHs"), 7.24-7.56~(5H, m, CcHs), 8.09 <1H, sTCHO), 9.37 (1H, s. 
thiadiazole-5-H); m/z (FAB.X813 (MNa!, 4%) and 79t (MH*, 10). 

30 

Example 12 



35 

Sodium 6fl-(D-2-(3.4-Diacetoxyphenyl)-2-[(4-(3.4-dihydro^ 
acetamido1-6a-(hydroxymethyl)penicillanate 



40 

a) Benzyl 6/3-[D-2-(3,4-Diacetoxyphenyl)-2-[(2,2,2-trichloroethoxy)carbonylamino1acetamido1-6Qr 
(hydroxymethyl)penicillanate 

D-2-(3,4-Diacetoxyphenyl)-2-[(2,2,2-trichloroethoxy) carbonylaminojphenylacetic acid (0.423g, 1mmol) in 
45 dichloromethane (10ml) containing N,N-dimethylformamide (1 drop) was converted to the acid chioride by 
treatment with oxaiyl chloride (0.16ml, 2mmol). After stirring at room temperature for 1h the solution was 
evaporated to dryness under reduced pressure, treated with dichloromethane. and re-evaporated. The 
residue [r max (CH 2 CI 2 ) 1800 (sh.) cm" 1 ] was dissolved in dichloromethane (10ml) and added dropwise to a 
solution of benzyl-6/S-amino-6ot-(hydroxymethyl)peniciilanate (0.336g, 1mmol) and pyridine (0.12ml. 
so 1.5mmol) in dichloromethane (10ml) at 0* C. The reaction mixture was stirred at 0-5* C for 0.5h followed by 
2h at room temperature before being evaporated to dryness under reduced pressure. The residue was 
dissolved in ethyl acetate and was washed with dilute hydrochloric acid (3 x 20mi), dilute aqueous sodium 
hydrogen carbonate (3 x 20ml) and saturated brine (20ml) before being dried (MgSCU), and evaporated to 
dryness under reduced pressure to yield the crude product. Chromatography on silica gei 60 (<230 mesh 
55 ASTM) with ethyl acetate/hexane 1:1 as eluant. followed by chromatography on silica gel 60 (<230 mesh 
ASTM) with 2% ethanol/chloroform gave the title compound as a white foam (0.11 1g, 15%); » max (CH 2 CI 2 ) 
3420, 1770. 1750 (sh), 1690. and 1210cm" 1 ; 6 H (250MHz. CDCI 3 ) 1.08 and 1.26 (6H, 2s, 2-C(CH 3 ) 2 ), 2.24 
and 2.26 (6H, 2s, 2 x CH 3 C0 2 ), 3.89-4.00 (1H, m, exch. on D 2 0. CH 2 0H), 4.10 and 4.26 (2H, d, ABq, J 
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12Hz J 4Hz, ABq on D 2 0 exch., CH 2 OH), 4.40 (1H, s, 3-H). 4.62 and 4.76 (2H, ABq. J 12Hz, CH 2 CCI 3 ). 
5 14 knd 5.20 (2H, ABq, J 12Hz, CHlPh), 5.30 (1H. d t J 7Hz, NHCH), 5.47 (1H, s, 5-H), 5.81 (1H, d. J 7Hz, 
CHNH), 7.15 (1H. d, J 8Hz. Ar-H), 7!24-7.50 (7H, m, Ar-H), 8.13 (1H, s, NH); m/z (positive xenon FAB.; 3- 
nitrobenzyl-alcohol-NaOAc) MNa* 782. 

5 

b) Benzyl QgjjMrf^^ 
carbonvlaminolacetamidoV6tt-0ivdroxvmethyl) penlcillanate 

10 Benzyl 6HD-2^3,4-diacetoxyphenyl)-2-[(2,2.2-trichloroethoxy)carbony 

(hydroxymethyl)pentcillanate <0.079g. 0.1mmol> in tetrahydrofuran (10ml) was treated with iM-potassium 
dihydrogen phosphate (2ml) and fresh, acid-washed zinc (0.2g). The reaction mixture was stirred at pH 4 for 
0.75h before addition of more zinc (0.3g). After a further 1h more zinc (0.4g) was added, followed by a 
further quantity (0.6g) after an additional 1h. The reaction mixture was filtered and the filtrate evaporated to 

is small volume and diluted with ethyl acetate. The mixture was washed with brine, dried (MgSOO and then 
evaporated to yield benzyl 6MD-2-amino-2-(3,4-diacetoxyphe 

peniciHanate [w (CH 2 CI 2 ) 1780, 1750cm- 1 ]. This, in dichloromethane (5ml) with pyridine (0.02ml 4 
0 16mmol) was treated dropwise with a solution of ^^(dibenzyloxyjbenzyl^-dioxopiperazin-l^yl]- 
carbonyl chloride in dichloromethane (4ml) [prepared from H3,4-(dibenzytoxy)benzyl)-2,3-dioxopiperazine 

20 (0.043g, O.lmmol) as described in Example 1b]. The reaction mixture was stirred at room temperature for 
0.5h before being evaporated to dryness under reduced pressure. The residue was dissolved in ethyl 
acetate and was washed with dilute hydrochloric acid (3 x 15ml), dilute aqueous sodium hydrogen 
carbonate (3 x 15ml) and saturated brine (15ml) before being dried (MgSO*) and evaporated to dryness 
under reduced pressure to yield the crude product. Chromatography on silica gel 60 <<230 mesh ASTM) 

25 eluting with chloroform grading to 5% ethanol/chioroform afforded the title compound as a slightly impure 
white foam (0.043g, 41%); «w (CH 2 CI 2 ) 3300, 1780, 1760 (sh.), 1720, 1695, 1510. 1215cm- 1 ; 5„ (400MHz, 
CDCI 3 ) 1.07 and 1.25 (6H, 2s, C(CH 3 ) 2 ), 2.25 (6H. s. 2 x CHaCO^ 3.08-3.25 (2H, m. piperazine CH 2 ), 3.48- 
3 71 (2H. m, piperazine CH 2 ), 3.98-4.83 (2H, m. CH 2 OH), 4.38 (1H, s, 3-H), 4.47 and 4.52 (2H, ABq, J 15Hz. 
NCH 2 Ar), 5.10-5,21 (6H, m. 3 x CH 2 Ph), 5.45 (1H,"d. J 6Hz, NHCH), 5.45 (1H, s. 5-H), 6.70-6.87 (3H, m, Ar- 

30 H), 7.10-7.46 (18H, m. Ar-H). 7.99 (1H, s f CONH), 9.99 (1H, d, J 6Hz, NHCH); m/z (positive xenon FAB.; 3- 
nitrobenzyl-alcohol-NaOAc) MNa* 1050. 

c) Sodium 6g-rD-2-(3,4-Oiacetoxvpheny^ 
35 carbonylamino1acetamido1-6a-(hydroxvmethyi)penicillanate 

Benzyl 6/3-[D-2-(3.4-diacetoxyphenyl)-2-[[4-(3,4-dibenzyloxybenzyl)-2,3-dioxopiperazin^ 
carbonylamino]acetamido]-6a-(hydroxymethyl)penicillanate (0.030g, 0.03mmol) was dissolved in dry 
tetrahydrofuran (10ml) and hydrogenolysed at room temperature and pressure for 2h over 10% palladium 

40 on carbon (0.1 30g). The catalyst was removed by filtration through "Celite" and the filtrate was evaporated 
to dryness under reduced pressure. The residue was suspended in water and the pH was adjusted to 6.5 
with dilute aqueous sodium hydrogen carbonate. The resultant aqueous solution was washed with ethyl 
acetate and freeze dried to yield the title compound as a white solid (0.01 7g, 73%); p max (KBr) 3311, 1764, 
1713 and 1676cm-'; 5 H (250MHz, D2O) 0.99 and 1.27 (6H, 2s f C(CH*) 2 ), 2.28 and 2.31 (6H f 2s, 2 x 

46 CH 3 C0 2 ), 3.39-3.60 (2H. m, piperazine CH 2 ), 3.75-3.95 (2H, m, piperazine CH 2 ), 3.95 and 4.07 (2H, ABq, J 
12Hz, CH 2 0H), 4.11 (1H, s, 3-H), 4.50 (2H, s. NCH 2 Ar), 5.44 (2H. s, CHNH, 5-H), 6.70-6.90 (3H, m, Ar-H). 
7.18-7.50 (3H, m, Ar-H), m/z (positive xenon FAB.; thioglycerol) MH 780. 



so Example 13 m> 



Sodium 7fl-r2-rf4-(3,4-0ihvdroxybenzvlV2.3^^ 
55 formamido-3-f(1.3.4-thiadiazol-2-yl)thiomethvnceph-3-em-4-carboxylat9 
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a) DL-2-[[4-(3,4-Diacetoxybenzyl)-2,3-dioxopiperazin-1 -yl1carbonylamino1-2-(2-thienyl)acetic acid 

DL-2-(2-thienyl)glycine (314mg) was suspended in 1.1,1. 3,3.3-hexamethyidisilazane (10ml) containing 
chlorotrimethylsilane (1 ml) under Argon and the mixture refluxed for 4h and then cooled and evaporated to 

5 dryness under reduced pressure. The residue was suspended under Argon in dry tetrahydrofuran (10ml) 
and treated with a suspension of 4-(3 f 4-diacetoxyben2yl)-2,3-dioxopipera2in-1-ylcarbonyl chloride [prepared 
as described in example 8c from 1-(3,4-diacetoxybenzyl)-2,3-dioxopiperazine (640mg), in tetrahydrofuran 
(10ml)]. The mixture was stirred at room temperature for ih then diluted with ethyl acetate (25ml) and water 
(25ml) and stirred vigorously for 15 min. The phases were separated, the organic phase retained and 

10 washed with water (25ml), saturated brine (25ml). dried (MgSCU) and evaporated to dryness under reduced 
pressure to give the title compound (948mg, 89%) as a brown foam; (CH2CI2) 3270 br, 1765, 1710, 
1685, 1500, 1360, 1210 and 1185cm- 1 ; 5 H (90MHz. CDCI3) 2.23 (6H, s, 2 x CH 3 C0 2 ), 3.27-3.54 and 3.82- 
4.07 (4H. 2m f N(CH 2 ) 2 N), 4.58 (2H, bs, NCH 2 Ar), 5.70 (1H, d. J 7Hz, 2-H). 6.80-7.25 (6H. m. Ar and thienyl), 
7.49 (1H, bs. exchangeable, CO2H), 9.72 (1H t d, J 7Hz, exchangeable. NH); m/z (FAB.) 526 (MNa*. 21%), 

75 521 (MNH**. 37). 504 (MH\ 64). 343 (53), 321 (100), 279 (46). 232 (34) and 217 (72). 

b) Benzhydryl 7M0L-2-[[4-(3,4-Diacetoxybenzyl)-2.3-d^^ 
acetamidol-7<rformamido-3-f(1,3,4-thiadiazol-2-y^ 

20 

Benzhydryl 7j8-amino-7a-formamido-3-[(1,3,4-thiadiazo^ 
(983mg) was dissolved in tetrahydrofuran (min.) and treated with N.N'-dtcyclohexylcarbodiimide (4l2mg). 
The resulting solution was treated dropwise with a solution~of DL-2-[[4-(3.4-diacetoxybenzyl)-2,3- 
dioxopiperazin-1-yl]carbonylamino]-2-<2-thienyi)acetic acid (917mg) in tetrahydrofuran (min.) at room tem- 

25 perature and the reaction mixture stirred at room temperature for 84h. The precipitate was removed by 
filtration and washed with ethyl acetate (50ml). The filtrate was washed with water (25ml), dilute aqueous 
sodium hydrogen carbonate, water, saturated brine and dried (MgSO*) then evaporated to dryness under 
reduced pressure to give an orange/red foam. Chromatography through silica (<230 mesh ASTM), eluting 
with 70% ethyl acetate in cyclohexane, grading in 200ml portions and 10% steps, to 100% ethyl acetate 

30 gave a partially-purified foam, which was redissolved in ethyl acetate and diluted with diethyl ether. The 
resulting precipitate was collected by filtration, washed with diethyl ether and dried under reduced pressure 
(1 .09g, 54%). The title compound was recrystallised from ethyl acetate-ethanol as a light-brown, amorphous 
solid. m.p. 146-152* C; p max (KBr) 1784, 1711, 1690. 1501, 1369, 1258. 1209 and 1184cm- 1 ; 5„ [250MHz, 
(CD 3 ) 2 CO] 2.89 (6H, s, 2 x CHaCOa), 3.38-3.66 (4H, m, piperazine CH 2 and 2-H 2 , isomers), 4.04^.14 (2H. 

35 m, piperazine CH 2 ), 4.32-4.45 and 4.67-4.81 (4H, m, NCH 2 Ar and 3-CH 2 , isomers), 5.32 and 5.33 (1H, 2s, 6- 
H, isomers), 5.97-6.12 (1H, m. ?-H, isomers). 6.89-7.7<f(17H, m, thienyl, 2 x C$H 5 , C 6 H 3 and CHPh 2 ), 8.28 
and 8.9 (1H, 2s, CHO, isomers), 8.61 and 8.64 (1H. 2 x bs, exchangeable, NHCHO, isomers), 8.73 and 8.83 
(1H, 2s, exchangeable, 70-CONH, isomers), 9.28 (1H, s. thiadiazole 5-H). 9.94-10.03 (1H, m. exchangeable, 
2'-NH, isomers); m/z (FAB.) 1047 (MNa\ 19%). 727 (11), 462 (25), 365 (36) and 343 (100). The isomer 

40 ratio D:L appears by n.m.r. to be approximately 4:3. 



c) Sodium 7/H2-{[4-(3,4-Dihydroxybenzyl)2,3-dioxopiperra^ 
g-formamido-3-[(1,3,4-thiadiazol-2-yl)thiomethyl1ceph-3-em-4-carboxylate 

4$ 

Benzhydryl 7j8-[2-[[4-(3,4-diacetoxybenzyl)-2,3-dioxopiperazin-1-yl]carbonylamino]-2-(2-thienyl)- 
acetamido]-7«-formamido-3-[(1,3,4-thiadiazol-2-yl)thiomethyl]ceph-3-em-4-carboxylate (500mg, D:L ca 4:3) 
was dissolved in dry dichloromethane (10ml) under Argon. Cooled to 0-5* C and treated with trifluoroacetic 
acid (l.6g). Cooling was removed immediately and the mixture stirred at room temperature for 0.5h. The 

50 volatiies were removed under reduced pressure and the residue azetotroped with toluene (3 x 5ml). Diethyl 
ether was added to the residue and the mass triturated to yield a brown solid, which was collected by 
filtration, washed with diethyl ether and dried under reduced pressure (414mg, 100%). 

The above acid was suspended in water (10ml) and the pH adjusted to 8.0 with 2.5% aqueous sodium 
carbonate solution. Sodium sulphite (146mg) was added and the pH of the solution maintained at pH 9.0 

55 until the reaction was complete (hplc). The reaction mixture was immediately chromatographed through 
HP20, eluting with water grading to 25% tetrahydrofuran in water in 2 steps and 100ml portions. The 
requisite fractions were combined, concentrated to low volume under reduced pressure and freeze-dried to 
give, the title compound (40mg. 11%) as a white powder. The isomer ratio was determined by high 
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performance liquid chromatography and nuclear magnetic resonance spectroscopy to be ca. 2:1 , D:L; iw - 
(KBr) 3283 br, 1777. 1710. 1676, 1512. 1395. 1365. 1197. and 1116cm" 1 ; 5 H [250MHz; (CC^teSO] 3.14-3.55 
(4H. m. piperazine CH 2 and 2-H 2 , isomers). 3.89 (2H. bs. piperazine CH 2 ). 4.16-4.34 and 4.57-4.68 (2H. 2m. 
3-CH 2l isomers). 4.41 (2H, s. CH 2 Ar), 5.10-5.23 (1H, m. 6-H. isomers). 5.82-6.04 (1H t m. 2'-H, isomers), 
6.50-6.75 (3H, m, C 6 H 3 ), 6.91-7.57 (3H ( m. thienyl) 7.99-8.36 (1H. m, CHO, isomers), 8.97 (2H, bs, 
exchangeable, NHCHO and 70-CONH), and 9.38-10.02 (2H, m, thiadiazole 5-H and 2'-NH, exchangeable). 



Example 14 



Sodium 7MD-2-[[4-(3,4-Dihydroxvbenzyl)-2^ 

formamido-3-f(1 -methyi-1 H-tetrazoi-5-y l)thiomethyl]ceph-3'em-4-carboxy late 

7HD-2-amino-2-phenylacetamido)-7a-formam^ 
carboxylic acid trifluoroacetic acid salt (100mg) [prepared as described in Example 10b] was suspended in 
dry tetrahydrofuran (100ml) under Argon and treated with N.O-blstrimethylsiiylacetamide (3 x 0.2ml) until a 
clear solution was obtained (ca. 0.5hr). The resulting, clear solution was treated with 4-(3,4-diacetoxyben- 
zyl)-2,3-dioxopiperazin-1-ylcarbonyl chloride [prepared as described in example 8c from 1-(3.4- diacetox- 
ybenzyl)-2,3-dioxopiperazine (51.5mg), in tetrahydrofuran (10ml)] and the mixture stirred at room tempera- 
ture for 0.5h. Water (25ml) and ethyl acetate (50ml) were added and the mixture stirred vigorously for 15 
min. The phases were separated, the organic phase washed with water (25ml), 0.5M-hydrochioric acid 
(25ml), water (25ml), saturated brine (25ml), dried (MgSO*) and evaporated to dryness under reduced 
pressure. The resulting powder was suspended in water (10ml), the pH adjusted to 8.0 with 2.5% aqueous 
sodium carbonate and treated with sodium sulphite (50mg). The pH was adjusted to and maintained at 9.0 
until de-acetylation was complete (ca. l.5h) (hplc). At this point the reaction mixture was chromatographed 
through HP20, eluting with water, grading to 25% tetrahydrofuran in water in 2% steps and 100ml portions. 
The product-containing fractions were combined, concentrated under reduced pressure and freeze-dried to 
give the title compound (42mg, 17%); *w (KBr) 1771, 1710. 1677, 1609, .1512, 1395, 1364, 1285. 1200, 
1117 and 1003cm- 1 ; 5 H (250MHz, D 2 0) 2.92-3.08 and 3.31-3.42 (2H. m. 2-H 2 ), 3.40-3.58 (2H, bm, 
piperazine CH 2 )i 3.78-4.17 (7H, m, 3-CH 2 . piperazine CH 2 and N-CH 3 ), 4.43-4.57 (2H, bm. NCH 2 Ar), 5.19 
(1H, s, 6-H), 5.45 (1H, s, 2'-H), 6.61-6.87 (3H. m, CeHa), 7.30-7.53 (5H, m. C 6 H 5 ) and 8.07 (1H. s, CHO); m/z 
(FAB.) 789 (MH*. 9%), 239 (37), and 217 (100). 



Example 15 



Sodium 6H2-f[4-(2.3-dihydroxy benzyl)-^ 
mamidopenicillanate 



a) 1 -(2.3-Dibenzyloxybenzyl)-2.3-dioxopiperazine 

Ethylenediamine (17g) in toluene (20ml) under Argon was treated with a solution of 2,3-dibenzyloxyben- 
zyl chloride (1.92g) in toluene (5ml). The mixture was refiuxed 4h, cooled to room temperature and treated 
with a solution of sodium hydroxide (ig) in water (20ml). The phases were separated, the organic phase 
washed with water (25ml). saturated brine and evaporated teTdryness under reduced pressure. The residue 
was redissolved in ethanol (20ml), diethyl oxalate (l.65g) added and the mixture refiuxed 4h. Concentrated 
under reduced pressure, diethyl ether added to the residue, the white solid collected by filtration and 
recystallised from ethanol (1.36g, 58%), m.p. 178-179* C (Found; C, 72.09; H, 5.75; N. 6.60%. C 2 sH 2 *N 2 04 
requires C, 72.11; H. 5.79; N, 6.73%); w (CHCI3) 1705, 1680. 1470. 1450, 1360. 1265, 1083 and 1060 
cm" 1 ; 5 H (60MHz, CDCI3) 3.49 (4H, bs. N(CH 2 ) 2 N), 4.57 (2H, bs, NCH 2 Ar), 5.01 and 5.10 (4H, 2s, 2 x 
0CH 2 Ph), 6.72-7.02 (3H, m. C 6 H 3 ), 7.16-7.50 (10H, m, 2 x C 6 H 5 ). 7.68-8.07 (1H, bs, exchangeable, NH). 



34 



EP 0 293 532 A1 



b) Benzyl 6jHD-2-[[4-(2 t 3-Dibenzyloxybenzy^ 
6a-methylthiopenicillanat9 

1-(2,3-Dibenzyloxybenzyl)-2,3-dioxopiperazine (4l6mg) was dissolved in dry dichloromethane (10ml) 
s under Argon and the solution treated with chlorotrimethylsilane. After 15 min, triethylamine (111mg) was 
added and the mixture stirred at room temperature for l.5h. Excess phosgene was condensed into the 
reaction mixture, which was then stirred at room temperature for 3h. The volatiles were removed under 
reduced pressure to give an off-white solid; j» max (CH 2 CI 2 ) 1800cm" 1 . This solid was suspended in dry 
tetrahydrofuran (10ml) and the suspension added to a solution of benzyl 60-(D-2-amino-2- 
w phenyIacetamido)-6a-formamidopenicillanate (485mg) and triethylamine (11lmg) in dry tetrahydrofuran 
(10ml). After 0.5h, the reaction mixture was diluted with ethyl acetate (50ml) and washed with water (20ml) f 
saturated brine (20ml), dried (MgSO*) and evaporated to dryness under reduced pressure. Chromatography 
through silica (<230 mesh ASTM), eluting with 30% ethyl acetate in cyclohexane. gave the title compound 
(220mg, 24%) as a white foam; (CH 2 CI 2 ) 1770. 1730. 1705, 1685, 1200 and 1180cm- 1 ; 5 H [250MHz, 
75 (CDahCO] 1.02 and 1.21 (6H, 2s. 2-(CH 3 ) 2 ), 2.31 (3H t s, SCH 3 ), 3.39-3.57 and 3.89-4.08 (4H, 2m, N(CH 2 )- 
2 N), 4.40 (1H, s f 3-H), 4.66 (2H, bs. NCH 2 Ar), 5.10-5.26 (6H. m, CC^ChfePh and 2 x OCH 2 Ph), 5.45 (1H. s, 
5-H), 5.70 (1H, d, J 7Hz. 2'-H), 6.92-fl8 (3H, m, C 6 H 3 ), 7.27-7.62^(20 H, m, 4 x c7h 5 ). 8.75 (1H. s, 
exchangeable, 6j8-CONH), 10.01 (1H, d ( J 7Hz, exchangeable, 2*-NH); rn/z (F.A.B.) 950 (MNa*. 97%), 534 
(55), 462 (75) and 439 (100). 

20 

c) Benzyl 6HD-2-fl4-(2.3-dibenzyioxybenzyl)-2^ acetamidol- 
6a-formamidopeniciHanate * ~ 

25 Benzyl 6^l>2-[[4-(2,3-dibenzyloxybenzyl)-2,3-diox^ 

6a-methylthiopenicillanate (200mg) was dissolved in dry N,N-dimethylformamide (5ml) under Argon at 0- 
5*C and treated with mercuric acetate (69mg) followed by a 10% excess of ammonia in dry N,N- 
dimethylformamide. Cooling was removed immediately and the reaction mixture diluted with ethyl acetate 
(50ml) after 15 min and filtered. The filtrate was washed with water (5 x 20ml), saturated brine (20ml), dried 

30 and evaporated to dryness under reduced pressure to give a foam. This foam was redissclved in dry 
dichloromethane (10ml) under Argon at 0-5 'C and treated with pyridine (I70mg) then acetic formic 
anhydride (95mg). Cooling was removed immediately and the mixture stirred at room temperature for 3h. 
The mixture was washed with water (10ml), saturated aqueous sodium hydrogen carbonate (10ml), water 
(10ml), saturated aqueous copper sulphate (10ml), water (10ml), saturated brine (10ml), then dried (MgSO*) 

35 and evaporated to dryness under reduced pressure. Purification by chromatography through silica (<230 
mesh ASTM), eluting with 50% ethyl acetate in cyclohexane, grading to 90% ethyl acetate in cyclohexane 
in 10% 'steps 1 and 100ml portions, gave the title compound (I28mg, 64%) as a white foam; P max (CH 2 CI 2 ) 
1785, 1740, 1720, 1690, 1500. 1205, 1186, 1090, 1065, and 1005cm" 1 ; 5 H [250MHz, (CDafeCO] 0.91 and 
1.16 (6H, 2s, 2-(CH 3 ) 2 ), 3.40-3.5 and 3.90-4.00 (4H, 2m, N(CH 2 ) 2 N), 4.39 (1H, s, 3-H), 4.66 (2H, s, 

40 NCH 2 C 6 H 3 ). 5.07-5.16 (6H, m, 3 x CH 2 Ph), 5.58 (1H, s, 5-H), 5.68 (1H, d, J 7Hz, 2*-H), 6.87-7.19 (3H, m, 
C 6 H 3 ), 7.26-7.61 (20H, m. 4 x CsHs), 8.17 (1H, s, CHO). 8.24 (1H, bs, exchangeable, NHCHO), 8.77 (1H, s, 
exchangeable, 6j8-CONH), 10.03 (1H/d, J 7Hz. exchangeable, 2*-NH); m/z (FAB.) 947 (MNa*, 78%) and 
531 (100). " ~ 

45 

d) Sodium 6MD"2-[[4-(2 l 3-dihydroxybenzyl)-2,3-dioxopiperazin-1-vl1carbonylamino^2-phenylacetamido1-6a- 
f ormamidopenici llanate 

Benzyl 6HD-2-[[4-(2.3-dibenzyloxybenzyl)-2£ 

so 6a-formamidopenicillanate (120mg) was dissolved in redistilled, dry tetrahydrofuran (minimum) and hy- 
drogenated over a mixture of 10% palladium on carbon (120mg) and palladium black (I20mg) for 3h. The 
catalyst was removed by filtration through 'Celite' and the process repeated with fresh catalyst. After a 
further 2.5h, the catalyst was removed by filtration through 'Celite* and the filtrate evaporated to dryness 
under reduced pressure. The residue was dissolved in AR acetone (minimum) and treated with 1.93M- 

55 sodium 2-ethylhexanoate in methyl iso-butylketone (62ul). Diethyl ether was added and the title compound 
collected by filtration, washed with diethyl ether and dried under reduced pressure (52mg, 59%); * max (KBr) 
1772, 1710, 1677, 1611. 1508, 1477, 1396, 1365. 1284 and 1200cm- 1 ; 5 H [250MHz, (CD 3 ) 2 SO] 0.85 and 
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1 16 (6H, 2s, 2-(CH 3 )2). 3.76 (1H, s. 3-H), 3.8(M.OO (2H. m. piperazine CH 2 ), 4.51 (2H. bs. CH 2 CeH 3 ). 5.38 
1H 8 5 UM S d. J 7Hz. 2<-H), 6.52-6.78 (3H. m. C S H 3 ). 7.19-7.62 (5H. m. CsHs). 8.00 (1H. S. CHO). 
9 07-9.23 (1H, bs. exchangeable. NHCHO), -9.72-1 0.04 (2H. m. exchangeable. 6/5-CONH and JMMH); m/z - 
(F.A.B.) 699 (MNa*, 27%), 677 (MH*7 100), 463 (40) and 441 (100). 

Example 16 



Sodium 7MD-2-fT4-(2.3-OlhvdroxybenzvlV2.3-dioxo^ 
formamid(>3-[(1.3.4-thiadiazol-2-vl)thiomethvnceph-3-em -4-carboxylate 



&\ 1 -(2.3-Dih vdroxvbenzyl)-2.3-dioxopiperazine 

1-(2.3-Dibenzyloxybenzyl)-2.3-dloxopiperazine (3.2g) was dissolved in a 1:1 mixture of tetrahydrofuran 
(150mi) and methanol (150ml). 10% Palladium on carbon (LOg) was added and the mixture hydrogenated 
for 0 5h before more palladium on carbon (0.5g) was added and hydrogenation continued for a further 1h. 
The catalyst was removed by filtration through 'Celite\ the filter bed washed with 1:1 
tetrahydrofuran/methanol and the filtrate evaporated to dryness under reduced pressure. Ethanol (20ml) was 
added to the residue and the product collected by filtration, washed with a little, cold ethanol and dried 
under reduced pressure (1.65g; 91%). m.p. 258*C; , ma * (Nujol) 3360. 3150. 1690 and 1650cm-'; S„ - 
[60MHz: (CDahSO] 3.39 (4H. bs. NtCHakN), 4.55 (2H, bs. NCH 2 Ar), 6.66 (3H. m. C 6 H 3 , (Found: m/z 
236.0797. M*. CnHi2N 2 0* requires 236.0797). 



b) 1 -(2.3-Diacetoxvbenzyl)-2.3-dioxopiperazine 

♦ 

1-(23-Dihydroxbenzyl)-2.3-dioxopiperazine (1.65g) was suspended in dry dichloromethane (25ml) and 
treated with Wimethylaminopyridine (10mg). pyridine (4 drops) and acetic anhydride (l.57g). After I8h at 
room temperature, the isolubles were removed by filtration and washed with dichloromethane. The filtrate 
Droduced more insoluble material, which was collected by filtration. The two crops were combined and 
recrystallised from ethanol (2.2g; 98%). m.p. 175* C: r max (Nujol) 3205. 1760. 1705. 1660 1220 I br .1180 
and 1160cm-': i H (90MHz; (CDafcSO] 2.21 (6H, s, 2 x C^COO, 3.23 (4H. bs. N(CH 2 fcN), 4.53 (2H. s. 
NCH 2 Ar). 7.10-7.35 (3H. m. C S H 3 ), 8.48 (1H, bs. exchangeable. NH). (Found: m/z 320.1008. M . 
CisHi6N 2 Os requires 320.1008). 

c) D.2-rr4-(2.3-Diacetoxvbenzvl)-2.3-dioxopiperazin-1 -vncarbonylam inol-2-phenylacetic add 

O-Phenylglycine (378mg) was suspended in hexamethyldisiiazane (10ml) containing chlorotrimethyl- 
silane (1ml) and the mixture heated at reflux under argon until a clear solution had been obtained. The 
volatiles were removed under reduced pressure and the residue suspended in dry tetrahydrofuran <10ml) 
under argon. l-(2,3-Diacetoxybenzyl)-2.3-dioxopiperazine (800mg) was suspended in dry dichloromethane 
(10ml) under argon and treated with chlorotrimethylsilane (298mg) then triethylamine (255mg). After 2h. the 
reaction mixture was treated with excess phosgene in tetrahydrofuran and stirred for a further 2h. The 
volatiles were then removed under reduced pressure to yield a solid. >w (CH 2 CI 2 ) 1790. 1770. 1730 and 
1690cm-'. which was suspended in dry tetrahydrofuran (1.0ml) and this suspension added to the per- 
flated amino acid. After 1h at room temperature, the reaction mixture was treated with water (20ml) and 
5M hydrochloric acid to pH 1. It was stirred vigorously for 15 mins. then extracted well with ethyl acetate 
(50ml). The extracts were combined, washed with water (3 x 10ml), dilute hydrochloric acid, water (10ml) 
and saturated brine (10ml). Drying (MgSO*) and evaporation to dryness under reduced pressure gave the 
ss title compound as a foam (895mg; 72%); , max (KBr) 1771. 1715, 1690. J207 and V 184cm"' : a„ (90MHz: 
CDCI 3 ) 2.24 and 2.26 (6H. 2s. 2 x CH 3 C0 2 ). 3.17-3.45 and 3.80-4.00 (4H. 2m, NfCHafcN). 4.63 (2H. bs. 
NCH 2 Ar), 5.45 (1H. d. J 6Hz, 2-H). 7.14-7.50 (8H, m. Ar), 9.78 <1H, d. J 6Hz. NH. exchangeable): m/z 
(FAB.) 520 (MNa*. 23%). 475 (11), 462 (17). 413 (10) and 365 (42). 
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d) Benzhydryl Tjg-tD^f^^-Diacetoxybenzyl^.a'dioxopiperazin-l'yilcarbonylaminol^'phenyl 
acetamido]-7a"formamidO'3-[(1 t 3,4-thiadia20l^yl') thiomethyl1ceph-3-em-4-carboxylate 

Benzhydryl /iS-amino-ya-formamido-S-KI.S.^thiadiazol-a- yl)thiomethyl]ceph-3-em-4-carboxylate 
5 (269mg) and N,N'-dicyclohexylcarbodiimide (113mg) were dissolved in the minimum quantity of 
tetrahydrofuran and treated, dropwise, at room temperature with a solution of D-2-[[4-(2,3-diacetoxybenzyl)- 
2,3-dioxopiperazin-1- yl]carbonylamino]2-phenylacetic acid (248mg) in tetrahydrofuran. After 18h, the mix- 
ture was filtered and the filtrate evaporated to dryness under reduced pressure. The residue was purified by 
chromatography through silica (<230 mesh ASTM), eiuting with ethyl acetate in cyclohexane in a gradient 
io from 70% to 90% ethyl acetate, tc give the product (267mg, 53%), ?max (KBr) 1775, 1715, 1690, 1495, 
1466, 1369, 1258, 1207 and 1162cm- 1 ; 5 H [250MHz; (CDafeCO] 2.28 and 2.32 (6H. 2s, 2 x CH 3 C0 2 ), 3.31 
and 3.17 (2H, ABq, J 20Hz, 2-H 2 ), 3.43-3.57 and 3.95-4.04 (4H, 2m, N(CH 2 ) 2 N). 4.38 and 4.68 (2H, ABq, J 
13Hz, CH 2 SHet), 4.69 and 4.77 (2H, ABq, J 15Hz. NCH 2 Ar), 5.31 (1H, s, 6-H), 5.72 (1H, d, J 7Hz, 2'-H), 6.92 
(1H, s, CHPh 2 ), 7.20-7.70 (18H, m, 3 x CsHs and c7h 3 ), 8.30 (1H, s, CHO), 8.54 (1H, bs, exchangeable, 
is NHCHO), 8.74 (1H, bs, exchangeable, 7/S-CONH), 9.31 (1H, s. thiadiazole 5-H), 10.02 (1H. d, J 7Hz. 
exchangeable, 2*-NH); m/z (F.A.B.) 1019 (MH + , 20%), 735 (19), 679 (13), 480 (24), 452 (95). 410 (100), 359 
(41), 343 (55) and 321 (46). 



20 e) Sodium 7fr[D-2-[[4-(2 l 3-Dihydroxybenzyl)-2 t 3-dfoxo piperazin-1-yncarbonylaminol-2-phenylacetamidol- 
7a-formamido-3-[(1 ,3.4-thiadiazol-2-yl)thiomethyl1 ceph-3-em-4-carboxylate 

Benzhydryl 7^-[D-2-[[4-<2,3-diacetoxybenzyl)-2,3-dioxopiperazin-1-yl]carbonylamino]-2- 
phenylacetamidoh7o-formamido-3-[(1 ,3,4-thiadiazol-2-yl)thiomethyl]ceph-3-em-4-carboxylate (267mg) was 

25 dissolved in dry dichloromethane (10ml) under argon and treated with anisole (850mg) then trifluoroacetic 
acid (890mg) at 0-5* C. Cooling was removed immediately and the mixture stirred at room temperature for 
0.5h. The volatiies were removed under reduced pressure and the residue azeotroped with dichloromethane 
(3 x 10ml). Trituration under diethyl ether gave a white solid (222mg, 100%), which was collected by 
filtration, washed with diethyl ether and dried under reduced pressure. 

30 The above solid (100mg) was suspended in water (3ml) and a trace of acetone and the.pH adjusted to 
8.0 with 2.5% aqueous sodium carbonate. Sodium sulphite (36mg) was added and the pH of the reaction 
mixture maintained between 8.9 and 9.1 by addition of 2.5% aqueous sodium carbonate when necessary- 
After 1.75h the mixture was chromatographed through HP20, eiuting with tetrahydrofuran/water mixtures, 
and the product (22.5mg: 25%) was obtained after freeze-drying as a white powder; r max (KBr) 1769, 1710, 

05 1676, 1609, 1508 (br), 1396, 1365, 1283, 1203 and 1064cm- 1 ; 5 H [250MHz; (CDsfeCO + D 2 0] 3.03 and 
3.41 (2H, ABq, J 16Hz, 2-H 2 ), 3.58-3.73 and 3.90-4.03 (4H. 2m, NfCH^N), 4.08 and 4.42 (2H, ABq, J 14Hz. 
3-CH 2 ), 4.67 (2H, bs, NCH 2 Ar). 5.25 (1H, s. 6-H),5.52 (1H. s, 2'-H), 6.71-6.90 (3H. m, CeHa), 7.34-7.56 (5H, 
m, C 6 Hs). 8.13 (1H, s, CHO), 9.40 (1H, s, thiadiazole 5-H). 

40 

Example 17 



4$ Sodium 6HD-2-[4-(3,4-Dihydroxyphenyl)-2,3-dioxopipe^ 
mamidopenicillanate 



so a) H3 t 4-Dibenzvloxyphenyl)-2,3-dioxopiperazine 

3,4-Dibenzyloxyaniline (1 1 .38g) and N-(2-bromoethyl)phthalimide (4.7g) were mixed together and heat- 
ed to 120*C under argon. After ih, -the mixture was cooled to room temperature and triturated under 
dichloromethane (250ml). The insolubles were removed by filtration and the filtrate evaporated to dryness 
55 under reduced pressure. The residue was chromatographed rapidly through silica (<230 mesh ASTM), 
eiuting with ethyl acetate/cyclohexane mixtures in a gradient of 0-30% ethyl acetate. The partially purified 
N-[2-(3,4-dibenzyloxyanilino)ethyl]phthalimide (7.4g) was heated under refiux in ethanol (100ml) in the 
presence of N-methylhydrazine (2ml) for 4h. The solvents were removed under reduced pressure and the 
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residue shaken well with excess 10% aqueous sodium hydroxide and dichloromethane (250ml). The phases 
were separated, the organic phase washed with water (50ml), saturated brine (50ml) and filtered through 
phase separation filter paper. The filtrate was evaporated to dryness under reduced pressure and the 
residue chromatographed through silica (<230 mesh ASTM), eluting with dichloromethane then 10% 
methanol in dichloromethane. 

The partially-purified 2-(3,4-dibenzyloxyanilino)ethylamine (2.8g) was heated under reflux in diethyl 
oxalate (10ml) for 1h. After cooling the mixture to room temperature, diethyl ether (100mi) was added and 
the resulting solid was collected by filtration, washed with diethyl ether and recrystallised from ethanol to 
give the title compound (1.63g; 22%), m.p. 173* C (EtOH) (Found: C, 71.23; H, 5.44; N, 6.95. C^H^O* 
requires C, 71.64; H. 5.47; N. 6.96%); w (KBr) 3198, 1675, 1510. 1364, 1265, 1234, 1063, 1020, 737 and 
696cm- 1 ; 5 H [250MHz; (CD 3 ) 2 SO] 3.40-3.56 and 3.75-3.89 (each 2H, m, N(CH 2 ) 2 N), 5.10 and 5.16 (each 2H, 
s, 2 x CH 2 Ph), [6.89 (1H. dd, J 9 and 2Hz), 7.07 (1H, d, J 9Hz) and 7.19 (1H, d. J 2Hz) C S H 3 ] and 8.74 (1H, 
s. exchangeable, NH) (Found: m/z 402.1584. M*. C 2 *H 22 N 2 04 requires 402.1579). 



b) Benzyl 6Ml>2-[4-(3,4~DibenzyloxvphenyO-2,3-diox^ 
methylthiopenicilfanate 

1-(3,4-Dibenzyioxyphenyl)-2,3-dioxopiperazine (201 mg) was heated under argon and under reflux for 4h 
in 1 1 1,3,3,3-hexamethyldisaiazane (10ml) and chlorotrimethylsilane (1ml). The mixture was evaporated to 
dryness' under reduced pressure and the residue, r ma * (CH 2 CI 2 ) 1685 and 1670cm- 1 , redissolved in dry 
dichloromethane (10ml) under argon and cooled to 0-5 'C. Trichloromethyl chloroformate (120ul) was 
added, cooling was removed and the mixture was stirred at room temperature for 1h. The volatiles were 
removed under reduced pressure and the residue. <w (CH 2 CI 2 ) 1800, 1690 br cm" 1 , redissolved in dry 
dichloromethane (10ml). This solution was added at room temperature to a solution of benzyl 6MD-2- 
amino-2-phenylacetamido)6ot-methylthiopeniciilanate (242mg) and triethylamine (7Qn\) in dry dich- 
loromethane (10ml). The solution was stirred for 0.5h, washed with water (10ml), saturated brine (10ml), 
dried (MgSCU) and evaporated to dryness under reduced pressure. Chromatography through silica (<230 
mesh ASTM). eluting with ethyl acetate/cyclohexane mixtures in a gradient of 20-40% ethyl acetate, gave 
the title compound (272mg; 61%); *w (KBr) 1775, 1740, 1710 and 1690cm" 1 ; 5 H [250MHz; (CD 3 ) 2 CO] 1.04 
and 1.22 [each 3H, s, 2-(CH 3 ) 2 r2.33 (3H, s, SCH 3 ). 4.01-4.27 (4H, m, N(CH 2 ) 2 N), 4.41 <1H, S..3-H), 5.13- 
5.27 (6H, m, 3 x CH 2 Ph), 5.46 (1H, s. 5-H), 5.74 (1H, d. J 7Hz, PhCHCO), 6.98-7.61 (23H. ai,4x CeHs and 
C 6 H 3 ), 8.78 (1H. s, exchangeable, 60-CONH), 10.04 (1H f d, J 7Hz, exchangeable, NHCHCO). 



c) Benzol 6fl-rD-2-r4-(3 t 4>Dibenzvloxyphenvl)-2,3-dioxopiperazin-l -ylcarbonvlamino>2-p henviacetamido>6a- 
formamidopenicillanate 

Benzyl 6MD-2-[4-(3,4<iibenzyloxyphenyl)-2.3-dioxop^^ 
6a-methylthiopenicillanate (272 mg) was dissolved at room temperature in dry N.N-dimethylformamide 
(5ml). Mercuric acetate (98mg) was added followed immediately by a solution of ammonia in N.N- 
dimethylfbrmamide (10% excess of ammonia). After 15 min., the reaction mixture was diluted with ethyl 
acetate (50ml) and filtered. The filtrate was washed with water (5 x 25ml), saturated brine (25ml), dried 
(MgSCU) and evaporated to dryness under reduced pressure. The residue was redissolved in dry 
dichloromethane (10ml), cooled to 0-5* C under argon and treated with pyridine (248ul) followed by 
aceticformic anhydride (121 ill) and the cooling removed. After 3h at room temperature, the reaction mixture 
was washed with water (10ml), saturated aqueous sodium hydrogen carbonate (10ml). water (10mi), 
saturated aqueous copper sulphate (10ml), water (10ml), saturated brine (10ml). dried (MgSOO and 
evaporated to dryness under reduced pressure. The residue was chromatographed through silica (<230 
mesh ASTM), eluting with 75% ethyl acetate in cyclohexane, to give the title compound (130mg; 48%); w 
(CH 2 CI 2 ) 1780, 1740, 1690 br cm- 1 ; B H [250MHz; (CD 3 ) 2 CO] T>.90 and 1.17 (each 3H, s, 2-(CH 3 ) 2 ), 4.03-4.24 
(4H, m. N(CH 2 ) 2 N), 4.4t (1H, s, 3-H), 5.12-5.29 (6H, m, 3 x CH 2 Ph), 5.60 (1H, s, 5-H), 5.74 (1H, d, J 7Hz, 
PhCHCO). 6.96-7.67 (23H, m, 4 x C 6 H 5 and CsH 3 ), 8.18 (1H, s. CHO), 8.29 (1H, br s. exchangeable, 
NHCHO). 8.80 (1H f s, exchangeable, 6/J-CONH), 10.14 (1H. d. J 7Hz, NHCHCO); m/z (F.A.B.) 933 (MNa + , 
50%), 91 1* (MH+ 4) and 531 (1 00). 
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d) Sodium 6l-[D-2-[4-(3 t 4-Dihydroxyphenvi)-2,3-dioxopiperra^ 
formamidopenicillanate 

Benzyl 6MD-2-[4-(3,4<libenzyloxyphenyl)-2,3^^ 

5 6a-formamidopenicillanate (130mg) was dissolved in redistilled tetrahydrofuran (15ml) and hydrogenated 
over a mixture of 10% palladium on carbon <100mg) and palladium black (100mg) until complete 
deprotection had been achieved. The catalyst was removed by filtration through Celite and the filtrate 
evaporated to dryness under reduced pressure. The residue was redissolved in the minimum quantity of 
acetone and treated with a 1.93M solution of sodium 2-ethylhexanoate in methylisobutyl ketone (64m). The 

70 volatiles were then removed under reduced pressure and the residue triturated under diethyl ether and the 
title compound (81mg; 86%) obtained by filtration; * max (KBr) 1777, 1684, and 1610cm" 1 ; 5 H [250MHz; D2O 
+ (CD 3 ) 2 CO] 1.00 and 1.40 (each 3H, s, 2-(CH 3 ) 2 ), 4.11-4.23 and 4.27-4.38 (each 2H, m, N(CH 2 ) 2 N). 425 
(1H, s, 3-H), 5.72 (1H t s, 5-H), 5.75 (1H, s, PhCHCO), 6.88-7.09 <3H. m. C 6 H 3 ), 7.49-7.74 (5H, m. CcHs). 
8.27 (1H,s. CHO). 

Example 18 



20 

Sodium 6MD-2-f4-[2-(3,4-Dihydroxyphenyl)ethyl^ 
phenylacetamido]-6a-formamidopenicillanate 



25 

a) 1-Amino-2-[2-(3,4<libenzy(oxvphenyl)ethylamino1 ethane 

1-Amino-2-(3,4-dibenzyloxyphenyl)ethane (4.7g) and 2-bromoethylamine hydrobromide (1.45g) were 
heated at reflux in toluene (50ml) for 5h. The reaction mixture was cooled to room temperature and made 

so basic (ca. pM 14) with 10% aqueous sodium hydroxide solution. The phases were separated and the 
organic phase washed with water (25ml) and saturated Jarine (25ml) before being filtered through phase 
separation filter paper. The filtrate was evaporated to dryness under reduced pressure and chromatog- 
raphed through silica (<230 mesh ASTM), eiuting with mixtures of methanol in dichloromethane in a 
gradient of 0-30% methanol. The title compound was obtained as a dark-brown oil (0.73g; 27%); B H (60MHz; 

35 CDCI3) 2.73 (8H, brs, 2 x CH 2 CH 2 ), 3.50 (3H, brs, exchangeable, NH and NH 2 ), 5.00 (4H, m, 2 x PhCH 2 0), 
6.56-6.82 (3H, m, CeHa), 7.0~-7.50 (1GH, m,2x CeH 5 ). 



b) 1-[2-(3,4-Dibenzyloxyphenyl)ethyl1-2,3-dioxopiperazine 

40 

1-Amino-2-[2-(3,4-dibenzyloxyphenyl)ethylamino]ethane (0.73g) was heated at reflux in diethyl oxalate 
(10ml) for 1h. The mixture was evaporated to dryness under reduced pressure and the residue chromatog- 
raphed through silica (<230 mesh ASTM), eiuting with ethyl acetate then 10% ethanol in ethyl acetate, to 
give the product (0.35g; 42%); ? max (CH 2 CI 2 ) 3380, 1700 and 1678cm" 1 ; 5 H (60MHz; CDCI3) 2.51-3.75 (8H, 
45 m, 2 x CH 2 CH 2 ), 5.10 (4H, s, 2 x CH 2 Ph), 6.60-7.75 (13H, m, 2 x C 6 H S and CeHa), 8.43 (1H, brs. 
exchangeable, NH). 



c) Benzyl 6/3-[D-2-[4-[2-(3 > 4-Dibenzyloxyphenyl)ethyl] -2,3-dioxopiperazin-1-ylcarbonylaminol-2- 
50 phenylacetamido]-6a-methylthiopeniciHanate 

1-[2-(3,4-Dibenzyloxyphenyl)ethyl]-2,3-dioxopiperazine (350mg) was dissolved in dry dichloromethane 
(10ml) under argon and treated with chlorotrimethylsilane (88.3mg) and triethylamine (82.2mg). More 
chlorotrimethylsilane (44.1 5mg) and triethylamine (41.1mg) were added after 2h and the mixture stirred for a 
55 further ih. infra-red analysis of the mixtur, * max (CH 2 CI 2 ) 1670, 1665 sh cm" 1 ; showed complete silylation 
and the mixture was treated with trichloromethyl chloroformate (162mg). After 0.75h, the volatiles were 
removed by evaporation under reduced pressure and the residue, r max (CH 2 CI 2 ), 1800, 1720 and 1685cm" 1 , 
redissolved in dry dichloromethane (10ml). This solution was added to a solution of benzyl 6/S-(D-2-amino-2- 
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phenylacetamido)-6a-methylthiopenicillanate (394mg) and triethylamine (82.2mg) in dry dichloromethane 
(10ml). After 0.5h. the mixture was washed with water, saturated brine, dried (MgSO*) and evaporated. to 
dryness under reduced pressure. The residue was chromatographed through silica (<230 mesh ASTM), 
eluting with 50% ethyl acetate in cyclohexane then 60% ethyl acetate in cyclohexane to give the title 

s compound (629mg; 82%); <w (CH 2 CI 2 ). 1780. 1740 sh. 1710. 1690 and 1 180cm-'; 5„ [250MHz; (CDafcCO] 
1.03 and 1.21 (each 3H. s. 2-(CH 3 )2). 2.31 (3H. s. SCH 3 ). 2.85 (2H. t, J 7Hz, ArCH 2 CH 2 ), 3.32-3.42 (2H m, 
CH 2 NCH 2 CH 2 N). 3.66 (2H. t. J 7Hz. CH 2 NCH 2 CH 2 N), 3.76-3.87 (2H. m. NCH 2 CH 2 NCO), 4.40 (1H. s. 3-H). 
5 14 and 5.18 (each 2H. s. 2 x ArOCH 2 Ph), 5.18 and 5.24 (2H. ABq. J 14Hz. CC^CtePh). 5.45 (1H. s. 5-H). 
570 (1H. d. J 7Hz, PhCHCO) [6.81 (~H. dd. J 8 and 2Hz). 6.98 (1H. d. J 8Hz). 7.05 (1H. d. J 2Hz). CsHal 

io 725-7.62 (20H, m. 4 x C 6 Hs>, 8.78 (1H. s. exchangeable. 6/J-CONH). 10.00 (1H. d. J 7Hz, NHCHCO); m/z • 
(P.A.B.) 964 (MNa* . 1 00%) and 534 (50). 



d) Benzyl 6i3-fD-2-[4-[2-(3.4-01benzvloxvphenyl)ethyl1 •2.3-dloxopipe razin-1-vlcarbonylaminol-2- 
i$ phenvlacetamidol-6a-formamidopenicillanate 

Benzyl 6fl-[D-2-t4-[2-(3.4-dibenzyloxyphenyl)ethyl>2.3-dioxopiperazin-1-ylcarbonylamino]-2- 
phenylacetamido]-8orformamidopenicillanate (629mg) was dissolved in dry N.N-dimethylformamide (10ml) 
under argon and treated with mercuric acetate (213mg) then an excess of ammonia in dry N.N- 

20 dimethylformamide. After 0.5h. the mixture was diluted with ethyl acetate (50ml) and filtered. The filtrate 
was washed with water (5 x 20ml). saturated brine (20mi). dried (MgSCU) and evaporated to dryness under 
reduced pressure. The residue was dissolved in dry dichloromethane (20ml) under argon and treated with 
pyridine (528mg) then acetic formic anhydride (294mg) and the resulting mixture stirred at room tempera- 
ture for 3h. The reaction mixture was washed with water (20ml). saturated, aqueous sodium hydrogencar- 

25 bonate (20ml), water (20ml). saturated, aqueous cupric sulphate (20ml). water (20ml). saturated brine 
(20ml). dried (MgSO*) and evaporated to dryness under reduced pressure. The residual foam was 
chromatographed through silica (<230 mesh ASTM). eluting with cyclohexane/ethyl acetate mixtures in a 
gradient of 70-100% ethyl acetate, to give the title compound (446mg; 71%); «w (KBr) 1786. 1740. 1710 
and 1690cm-': «k [250MHz; (CDahCO] 0.90 and 1.18 (each 3H. s. 2-(CH 3 ) 2 ). 2.88 (2H, t. J 7Hz. 

30 ArCH 2 CH 2 N), 3.31-3.41 (2H. m. NCH 2 CH 2 NCO). 3.67 (2H. t. J 7Hz. ArCHjCHzN). 3.76-3.87 (2H. m 
NCH 2 CH 2 NCO). 4.39 (1H. s, 3-H). 5.11-5.29 (6H. m, 2 x OCH 2 Ph and C0 2 CH 2 Ph). 5.59 (1H. s. 5-H), 5.69 
(1H d J 7Hz PhCHCO). [6.80 (1H. dd. J 8 and 2Hz). 6.98 (1H, d. J 8Hz). 7.07 (1H. d. J 2Hz). CsH 3 ]. 7.24- 
762 (20H. m. 4 x CsHs). 8.18 (1H. d. J 1Hz. CHO). 325 (1H. brs, exchangeable, NHCHO), 0.80 (1H, brs, 
exchangeable, 6/J-CONH). 10.05 (1H, d. J 7Hz. exchangeable, NHCHO), m/z (FAB.) 961 (MNa . 65%) and 

35 531 (100). 



e) sodium 6g-fD-2-[4-[2-(3.4-Dihvdroxvphenvl)ethyl-2.3-dioxopipe razin-1-vlcarbonvlaminol-2- 
phenYlacetamido1-6a-formamidopenicillinate 

"° Benzyl 6/S-{D-2-[4-l2-(3.4-dibenzyloxyphenyl)ethyl]-2.3-dioxopiperazin-1 -ylcarbonylaminoh2- 

phenylacetamido]- 6o-formamidopenicillanate (443mg) was hydrogenated over a mixture of 10% palladium 
on carbon (225mg) and palladium black (225mg) in redistilled tetrahydrofuran (20ml) until complete 
deprotection had been achieved. In this case a change of catalyst was found to be necessary for the 

4$ reaction to go to completion. When deprotection was complete, the catalyst was removed by filtration 
through 'Celte'. The filter bed was washed with redistilled tetrahydrofuran and the filtrate evaporated to 
dryness under reduced pressure. Trituration under diethyl ether gave a crude free acid (238mg; 75%), 
which was collected by filtration, washed with diethyl ether and dried under reduced pressure. The free acid 
(150mg) was dissolved in water (10ml) by addition of saturated, aqueous sodium hydrogencarbonate to pH 

so 6.5 and subjected to HP20 chromatography. Elution with mixtures of tetrahydrofuran in water gave a 
number of column fractions containing the title compound: These were combined and evaporated to 
dryness under reduced pressure. The last traces of water were removed by azeotroping with ethanoi (10ml) 
then toluene (10ml). The residual, white solid was triturated under diethyl ether and the titie compound 
collected by filtration, washed with diethyl ether and dried under reduced pressure (61 mg; 19%); «- m ax (KBr) 

56 1773 1710, 1679 and 1610cm-'; 5 H (250MHz; 0*0) 0.83 and 1.23 (each 3H, s. 2-(CH 3 ) 2 ). 2.79 (2H. t, J 
6Hz 'atCH 2 ), 3.30-3.45 (2H. m. NCH 2 CH 2 NC0). 3.59-3.86 (4H, m, CH 2 NCH 2 CH 2 NCO). 4.14 (1H. s, 3-H), 
5.40 (1H,""s, 5-H). 5.56 (1H, s. PhCHCO), 6.62-6.86 (3H. m. CH 3 ). 7.35-7.54 (5H. m. CsHg). 8.08 (1H. s. 
CHO). 
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Example 19 



5 Sodium 7MDL'2-[4-(3,4-Dihydroxyphe^ 

formamidO"3-[(1 > 3>thiadiazol-2-yl)thiom8thync8ph»3^m>4*carboxvlate 



10 a) 1-(3,4-Diacetoxyphenyl)-2,3-dioxopiperazine 

1-(3,4-Dibenzyloxyphenyl)-2,3-dioxopiperazine (797mg) was dissolved in methanol and tetrahydrofuran 
(1:1; 200ml) and hydrogenated over 10% palladium on carbon (797mg) until hydrogen uptake had ceased. 
The catalyst was removed by filtration through 'Celite 1 , the filter bed washed with methanot/tetrahydrofuran 

is (1:1, 3 x 20ml) and the filtrate evaporated to dryness under reduced pressure to give 1-<3,4-dihydrox- 
yphenyl)-2,3-dioxopiperazine (406mg; 92%) as a grey solid. 

The above piperazinedione was suspended in dry dichloromethane (20ml) under argon and treated with 
pyridine (0.1ml), 4-dimethylaminopyridine (10mg) and then acetic anhydride (410mg). After 18h at room 
temperature, the insoluble solid (356mg; 64%) was collected by filtration, washed with a small volume of 

20 ethanol and then diethyl ether. The filtrate was evaporated to dryness under reduced pressure and the 
residue triturated under a small volune of ethanol. The resulting solid (165mg; 29%) was collected by 
filtration and washed with diethyl ether. The two crops were combined and recrystallised from ethanol 
(334mg; 60%), m.p. 197-198* C; » M (KBr) 1772, 1709, 1674 and 1200cm- 1 ; S H [60MHz; (CD 3 ) 2 CO + 
(CD 3 )2SO] 2.30 (6H, s. 2 x CH3CO2). 3.42-3.69 and 3.83-4.15 (each 2H, m, N(CH 2 )2N), 7.33 (3H, br s. 

25 C6H3), 8.16-8.99 (1H, diffuse, exchangeable. NH). 



b) D-2-[4-(3.4-Diacetoxyphenyl)-2,3^ioxopipera2in-1 -yicarbonylamino]-2-phenylacetic acid 

30 1-(3,4-Diacetoxyphenyi)-2,3-dioxopiperazine (294mg) was suspended in dry # dichldromethane (20ml) 
under argon and treated with chlorotrimethylsilane (104mg) followed by triethylamine (97mg). Examination 
of the reaction mixture after 1h by infra-red spectoscopy (f max (CH2CI2) 1770, 1685 and 1665cm" 1 ) showed 
complete conversion to the Osilyliminoether. Trichloromethyl chioroformate (190mg) was added and the 
resulting mixture stirred at room temperature for a further 1h. Evaporation to dryness under reduced 

35 pressure gave the carbonyl chloride {vm^ (CH2CI2) 1800, 1770, 1720 and 1700cm- 1 ) which was redissolved 
in dry dichloromethane (20ml). This solution was added to a solution of persilylated D-phenyiglycine in dry 
dichloromethane (20ml) (prepared by heating D-phenylglycine (145mg) in hexamethyldisilazane (10ml) 
containing chlorotrimethylsilane (1ml) under argon at reflux for 2h) and the resulting mixture stirred at room 
temperature under argon for 0.5h. The volatiles were removed under reduced pressure and the residue 

40 treated with ethyl acetate (50m J) and 1M hydrochloric acid (20ml). After stirring vigorously for 15 min„ the 
phases were separated and the organic phase washed with 1M hydrochloric acid (20ml), water (20ml), 
saturated brine (20ml), dried (MgSOi) and evaporated to dryness under reduced pressure to give the title 
compound (420mg; 90%) as a white foam; p max (CH2CI2) 1770, 1715, 1700 and 1205cm- 1 ; S H [60MHz; 
(CD 3 ) 2 CO] 2.25 (6H. 2 x CH3CO2). 4.02 (4H, br s. N(CH 2 )2N), 5.49 (1H, d, J 7Hz, PhCHCO), 7.10-7.53 (8H, 

45 m, aromatics), 8.35-9.20 (1H, diffuse, exchangeable, CO2H), 9.84 (1H, d, J 7Hz, exchangeable. NH). 



c) Benzhydryl 7/9-[DL-2-[4-(3,4-Diacetoxyphenyl)-2.3-dioxopiperazin-1 ■ylcarbonylamino^2-pheny^acetamido^ 
7a-formamido-3-[(1,3,4-thiadiazol-2-yl)thiomethyl1ceph-3-em-4-carboxylate 

50 

Benzhydryl 70-amino-7arformamido-3-[(1,3,4-thi 
(468mg) and N.N dicyctohexyicarbodiimide (196mg) were dissolved in the minimum volume of acetone and 
the solution cooled to 0-5* C. A solution of r^-^^^iacetoxyphenyl^.S-dioxopiperazin-l- 
ylcarbonyiamino]-2-phenylacetic acid (420mg) in the minimum volume of acetone was added slowly and the 
55 mixture stirred at room temperature for I8h. The insolubles were removed by filtration, washed with acetone 
(20ml) and the filtrate evaporated to dryness under reduced pressure. Chromatography through silica (<230 
mesh ASTM), eluting with ethyl acetate/cyclohexane mixtures in a gradient of 80-100% ethyl acetate, gave 
the title compound (305mg; 35%) as a white foam; (CH 2 Cl2)-1770, 1700 br, 1205 and 1180cm~ 1 ; 5 H - 
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[250MHz; (CD 3 ) 2 CO] 2.28 (6H, s. 2 x CH3CO2), 3.18 and 3.30, and 3.49 and 3.62 (each 2H, ABq, J 16Hz, 
2-H 2 , isomers), 4.11-4.28 (4H, m, N(CH 2 )2N), 4.38 and 4.68. and 4.39 and 4.71 (each 2H, ABq,\J 16Hz, 3- 
CH 2 S isomers), 5.30 and 5.31 each 1H, s, 6-H, isomers). 5.76 and 5.81 (each 1H, d, J 7Hz, PhCHCO; 
isomers). 6.93 and 6.94 (each 1H, s. CHPh 2l isomers). 7.21-7.68 (18H, m, aromatics). 8.24 and 8.30 (each 
1H, s, CHO, isomers), 8.55 (1H, br s f exchangeable, NHCHO), 8.62 and 8.74 (each 1H, br s, exchangeable, 
7/3-CONH, isomers), 9.30 (1H. s. thiadiazole 5-H). 10.05 (1H, d, J 7Hz. exchangeable. NHCHCO) 



d) Sodium 7i3-rDL-2-f4-(3.4-DihvdroxyohenvlV2,3-dioxopiperazin-1 «vicarbonvlamino]-2-p henviacetamido]-7«- 
formamido-3-f(1.3.4-thtadiazol-2-vl)thiomethvnceph>3-em-4<arboxylate 

Benzhydryl 7j8-tDL-2«[4-(3,4-diacetoxyphenyl)-2,3^ 
phenylacetamido]-7orformamido-3-[(1 ,3,4-thiadiazoi-2-yl)thiomethyl]ceph-3-em-4-carboxylate (305mg) was 
dissolved in dry dichloromethane (10ml) under argon and cooled to 0-5* C. Anisole (984mg) and then 
trifluoroacetic acid (1.04g) were added and the mixture allowed to regain room temperature. After 0.5h at 
room temperature, the volatiles were removed under reduced pressure and the residue triturated under 
diethyl ether. The resulting solid was collected by filtration, washed with diethyl ether and dried in air. 

The above free acid was suspended in water (5ml) and dissolved by the addition of saturated, aqueous 
sodium hydrogen carbonate to pH 7.2. A suspension of acetyl esterase in 2.5M aqueous ammonium 
sulphate solution (1.0ml, ex. Sigma) was added and the mixture gently agitated. A further portion (1.0ml) of 
enzyme was added at 0.75h and again (1.0ml) at l.5h. When analysis by high performance liquid 
chromatography showed that reaction was complete, the reaction mixture was subjected to chromatography 
through HP20. Elution with mixtures of tetrahydrofuran in water in a gradient 0-30% tetrahydrofuran, 
followed by freeze-drying of the relevant column fractions, gave the, title compound (34mg; 14%) as a white 
powder; 9tm (KBr) 1780, 1705, 1675, 1516, 1390, 1362 and 1186cm- 1 ; 5 H [250MHz; D 2 0 + (CDa^CO] 2.98 
and 3.36. and 3.00 and 3.50 (each 2H, ABq, J 17Hz. 2-H 2 , isomers). 3.93-4.51 (6H, m, N(CH 2 ) 2 N and 3- 
CH 2 S) 5.18 and 5.23 (each 1H, s. 6-H, isomers). 5.56 and 5.52 (each 1H, s. PhCHCO, isomers). [6.78 (1H, 
dd, J 2 and 8Hz), 6.89 (1H, d. J 2Hz) and 6.95 (1H, d. J 8Hz). C 6 H 3 ], 7.37-7.59 (5H. m. CsH 5 )> 8.06 and 
8.11 (each 1H, s. CHOJ. 9.38 and 9.39 (each 1H, s. thiadiazole 5-H. isomers). 



Example 20 



Sodium 3-Acetoxvmethyl-7^rD-2-[4-(3,4-dihvdroxybenzyJ) -2.3-dioxopiperazin-1-vlcarbonylamino>2- 
phenyiacetamido1ceph-3-em-4-carboxylate 

1-(3,4-Dihydroxybenzyl)-2,3-dioxopiperazine (236mg) was suspended in dry dichtoromethane (20ml) 
under argon and treated with chlorotrimethyisilane (326mg) then triethylamine (303mg). After 1h at room 
temperature, f max (CH 2 CI 2 ) 1670cm- 1 . the mixture was treated with trichloromethyl chloroformate (198mg) 
and stirred at room temperature for a further 1.5h. The volatiles were removed by evaporation under 
reduced pressure to yield the carbonyl chloride intimately mixed with triethylamonium chloride, • 
(CH 2 Cl 2 ) 1800, 1725 and 1690cm" 1 . This mixture was redissolved in dry dichloromethane (20ml) and added 
to a solution of 3-acetoxymethyl-7/3-(D-2-amino-2-phenylacetamido)ceph-3-em-4-<^boxylic acid (0.5g) and 
triethylamine (0.4ml) in dry dichloromethane (20ml). After 2h at room temperature, the mixture was 
evaporated to dryness under reduced pressure and the residue treated with water (30ml) and ethyl acetate 
(30ml). The phases were separated, the aqueous phase washed with ethyl acetate (30ml) then 'layered* with 
ethyl acetate (30ml). This two-phase mixture was treated with 5M hydrochloric acid to pH 2.0 and the 
phases separated. The aqueous phase was further extracted with ethyl acetate (25ml). the extracts 
combined, washed with 1M hydrochloric acid (20ml), water -(20ml), saturated brine (20ml). dried (MgSO*) 
and evaporated to dryness under reduced pressure. The resulting solid was redissolved in dry acetone 
(5ml) and treated with 1.93M sodium 2-ethylhexanoate in 4-methylpentan-2-one (0.35ml). Diethyl ether 
(50ml) was added and the title compound, 419mg (61%). collected by filtration, washed with diethyl ether 
(50ml) and dried under reduced pressure; >w (KBr) 1765. 1715, 1685, 1609. 1517. 1395, 1364 and 
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1232cm- 1 ; S H (250MHz; D 2 0) 2.04 (3H, s, CH 3 C0 2 ), 3.07-3.54 (4H, m. 2-H 2 and ArCH 2 NCH 2 ), 3.65-3.98 
(2H, m. CONHCH 2 CH 2 N), 4.49 (2H, brs, CH 2 Ar), 4.61 and 4.81 (2H, ABq, J 12Hz. 3-CH 2 S). 4.96 (1H t d. J 
5Hz. 6-H), 5.41 7lH, s f PhCHCO), 5.62 (1H, d, J 5Hz. 7-H), 6.68-6.89 (3H. m, CsH 3 ). 7.34-7.53 (5H f m, 
C 6 Hs). 

5 

Example 21 



70 

Sodium 3-Acetoxymethyl-7MD-2-[4-(1 ^ 
vlcarbonylamino1-2-phenylacetamido1ceph-3-em-4-carboxylate 



75 

(a) 1 -(1 ,4-Dihydro-5-hydroxY-4-oxopyridin-2-y l)methyl-2 t 3-dioxopipefazine 

1-(4,5-Dib6nzyloxypyridin-2-yl)methyl-2,3-dioxopip©razine (1.0g) was dissolved in a mixture of methanol 
and tetrahydrofuran (1:1; 150ml) and hydrogenated at STP over 10% palladium on carbon (1.0g). When 
20 hydrogen uptake had ceased, the catalyst was removed by filtration through "Celite", the filter bed washed 
with a mixture of methanol and tetrahydrofuran (1:1; 3 x 20ml) and the filtrate evaporated to dryness under 
reduced pressure to give the title compound as a white powder (465mg; 82%), m.p. 177*C (dec); ^ - 
(Nujol) 1700, 1660, 1650 and 1635cm- 1 ; 5 H [60MHz; (CD 3 ) 2 SO] 3.27-3.54 (4H, m, N(CH 2 hN), 4.48 (2H. s, 
NCHapyr), 6.25 and 7.34 (each 1H, s, 2 x pyridone-CH), 8.32-8.76 (1H, brs, exchangeable, piperazine-NH). 

25 

(b) Sodium 3-acetoxymethyl-7jHD-2-[4-(1,4-dihydro-5-^^ 
1-ylcarbonylaminol-2-phenylacetamidolceph-3-em-4-carboxylate 

30 l-(l t 4-Oihydro-5-hydroxy-4-oxopyridin-2-yl)methyl-2,3-dioxopiperazine (237mg) was suspended in dry 
dichloromethane (20ml) under argon. Chlorotrimethylsilane (0.38ml) followed by triethyJamine (0.42ml) were 
added and the mixture stirred at room temperature for 1h. The resulting solution, (CH 2 CI 2 ) 1675 and 
1665cm -'J, was treated with trichloromethyl chloroformate (0.12ml) and the resulting mixture stirred at room 
temperature for a further 0.75h. The volatiles were removed under reduced pressure and the residue [v ma3i - 

35 (CH 2 CI 2 ) 1865, 1855, 1795, 1725 and 1690cm-" 1 ] suspended in dry dichloromethane (20ml). This suspen- 
sion was added to a mixture of 3-acetoxymethyl-7i8-(0-2-amino-2-phenylacetam«do)ceph-3-em-4-carboxyIic 
acid dihydrate (0.5g), triethylamine (0.4ml) and 3A molecular sieves (5g) in dry dichloromethane (20ml) 
under argon at room temperature and the resulting mixture stirred for ih. The insoluble material was 
removed by filtration and the filtrate evaporated to dryness under reduced pressure. The residue was 

40 treated with water (25ml) and ethyl acetate (25ml) and the phases separated. The aqueous phase was 
•layered 1 with ethyl acetate (25ml) and acidified to pH 2 with 5M hydrochloric acid. The insoluble material 
was collected by filtration, washed with water (10ml) and ethyl acetate (10mi). It was then suspended in 
water (20ml) and dissolved by addition of saturated aqueous sodium hydrogen carbonate solution to pH 8.0. 
The resulting mixture was subjected to chromatography through HP20, eluting with mixtures of 

45 tetrahydrofuran in water in a gradient of 0-50% tetrahydrofuran. The product-containing fractions were 
combined, concentrated under reduced pressure and freeze-drled to give the title compound (80mg; 12%); 
W (KBr) 1772, 1717, 1508, 1394, 1363 and 1229cm- 1 ; 5 H [250MHz; (CD 3 ) 2 SO] 2.02 (3H. s, CH 3 C0 2 ) 3.37 
and 3.51 (2H, ABq, J 18Hz, 2-H 2 ), 3.48-3.64 (2H,m, CH 2 NCH 2 CH 2 N), 3.87-4.05 (2H, m, NCH 2 CH 2 NCO), 
4.50 (2H, 2 brs, CH 2 pyr), 4.67 and 4.97 (2H, ABq, J 13Hz, 3-CH 2 S), 5.01 (1H, d. J 5Hz, 6-H), 5.66 (1 H, d, J 

so 7Hz, PhCHCO), 5.74 (1H f dd, J 5 and 8Hz, 7-H), 6.35 (1H, brs, pyridone 3-H), 7.28-7.56 (6H, m. CsH 5 and 
pyridone 5"-H) f 9.48 (1H, d, J 8Hz. exchangeable, 70-CONH), 9.88 (1H. d, J 7Hz, exchangeable, NHCHCO). 



Example 22 
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Sodium [6R.7R] 3-(1,3,4-Thiadiazol-2-yi)thiometh^^^ 
pj perazin-1-vhcarbonylaminol^ 



5 

(a) l-t'Butoxvcarbonvl-2(2"hvdroxvethvl)hvdra2ine 

Glycolaldehyde (2g) and t-butyl carbazate (4,4g) were each dissolved into warm ethanol (30ml). The two 
solutions were combined and'evaporated. The residual gum was redissolved into ethanol (20ml) and toluene 

;o (50ml) and reevaporated. This process was repeated three times before the residual gum was taken up into 
ethanol (100ml) and hydrogenated over 10% palladium on carbon (5g) until hydrogen uptake had ceased. 
The reaction was filtered, evaporated and chromatographed on silica eluting with ethyl acetate and n- 
hexane (2:1). The product was isolated as an oil that slowly crystallized (3g; 51%), m.p.. 53* C; (KBr) 
3308 and 1706cm-'; S (CDCI 3 ) 1.5 (9H t s), 2.86-3.16 (2H, m), 3.56-3.86 (2H. m). 4.20 (2H, br s). 6.96 (1H, br 

75 s); m/z 117 (MH\ 2%) and 121 (100). 



(b) Ethyl N-(t-Butoxycarbonylamino)-N(2-hvdroxyethyl)oxamate 

20 The product from part (a) (2.53g) was dissolved into dry tetrahydrofuran (50ml) and cooled to 0 # C 
under argon. Propylene oxide (4ml) was added followed by dropwise addition of ethyl oxalylchloride 
(1J6ml) in dry tetrahydrofuran (10ml). After 15 minutes the reaction was evaporated causing the product to 
crystallize. The solid was washed with hot n-hexane (3 x 30ml) followed by ether (2 x 20ml) before being 
dried under vacuum (3g; 75.6%); m.p. 130-131 ' C; f m (KBr) 3437, 3198. 1741 and 1875cm- 1 ; S (CDCI3) 

25 1.11-1.66 (12H, m). 3.23 (1H, br s), 3.49-3.87 (4H, m), 4.03-4.5 (2H, m) and 7.34 (1H. br s); m/z 553 (2M + 
H*. 4%), 277 (MH* 23), 221 (93) and 203 (100). 



• (c) Ethyl N-(t-Butoxycarbonvlamino)-N-(2-methanesulphonvloxvethvl)oxamate 

30 

The product from part (b) (2.92g) was dissolved into dichloromethane (50ml) and cooled to -20 C under 
argon. Triethylamine (1.5ml) was added followed by the dropwise addition of methanesulphonyi chloride 
(0.9ml) dissolved into dichloromethane (10ml). After 20 minutes the reaction was diluted with chloroform and 
washed with water (4 x 80mi), dried (MgSCh) and evaporated to a colourless oil. The product ccysaliized on 
35 standing and was triturated with n-hexane and filtered (3.31g; 88.4%); m.p. 74-75* C; >w (KBr) 3288, 1743 
and 1700cm- 1 ; 5 (CDCI3) 1.2-1.69 (12H, m), 3.09 (3H, s), 3.69-4.62 (6H, m), 7.23 (1H, br s); m/z 299 (100). 



(d) Ethyl N-(t-Butoxycarbonvlamino)-N-(2-azidoethyl)oxamate 

The product from part (c) (3.31g) was dissolved into N.N-dimethylformamide (35ml) and tetramethyl- 
guanidium azide (1.68g) was added. The reaction was heated to 55 # C for 2.5 hours and then allowed to 
cool. After dilution with ethyl acetate (70ml) the solution was washed with brine (3 x 50ml), dried (MgSO*) 
and evaporated to an oil. Chromatography on silica eluting with n-hexane/ethyl acetate (3:1 graduating to 
45 1:1) afforded the product as a colourless oil (1.73g; 61%); w (film) 3300, 2098, 1739 and 1688cm- 1 ; 5 - 
(CDCIa) 1.14-1.64 (12H, m), 3.4-3.93 <4H, m), 4.1-4.53 (2H, m). 7.34 (1H. br s). 



(e) 1(t-Butoxycarbony)amino)-2,3-dioxopiperazine 

50 

The product from part (d) (1.6g) was dissolved into tetrahydrofuran and methanol (1:1, 80ml) to which 
was then added Lindlar catalyst (1.5g) as a suspension in ethanol (10ml). The reaction was then 
hydrogenated and monitored by l.R. for the disappearance of the stretching frequency occurring at 
2098cnr t . After 0.5 hour the reaction was filtered and evaporated. The crystalline residue was triturated 
55 with ethanol (30ml), and ether (30ml) then added. The product was filtered and dried under vacuum (l.195g; 
98%); m.p. 189* C; * max (KBr) 3233, 3134 sh, 1736, 1700 and 1680 sh cm" 1 ; 5 (DMSO-D6) 1.43 (9H, s). 3.0- 
3.74 (4H, m, + H 2 0), 8.6 (1H, br s) and 9.30 (1H, br s); m/z 403 (2M + H , 1%). 230 (MH + , 8), 174 (100) 
and 156 (7). 
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(f) l-(3,4-Dihydroxybenzylideneamino)-2,3-dioxopiperazine 

The product from part (e) (0.249g) and 3,4-dihydroxybenzaldehyde (0.1 5g) were dissolved into glacial 
acetic acid (25ml). After stirring at 90* C for 1,5 hours the reaction was cooled and the product filtered. After 
s washing with glacial acetic acid (20ml) and ethyl acetate (50ml), the product was dried under vacuum to 
give a buff coloured solid (0,21 3g; 78.6%); m.p. 238-242* C decomp; * max (KBr) 3299, 1675 and 1646cm" 1 ; 
m/z 249 (M\ 33%). 136 (100), 135 (80) and 115 (74). 



10 (a) [R] N-fr4(3-4-Oihydroxbenzvlideneamino)-2.3-dioxo piperazinM-vn-carbonyll-2-phenylglycine 

The product from part (f) (0.2g) as a suspension in dichloromethane (50ml) was cooled under argon to 
0*C. The reaction was treated sequentially with trimethylsilylchloride (0.32ml) and triethylamine (0.35ml). 
After 5 minutes the cooling bath was removed for 1 hour, when the reaction was recooled to 0*C and 

is treated with trichloromethyl chloroformate (0.1 ml). After a further 1 hour the reaction was evaporated from 
toluene (20ml) and the product (iw 1803, 1725 and 1684cm- 1 ) redissolved into dichloromethane (10ml). 
This solution was added dropwise to persilylated D-phenylglycine (0 f ,134g) t prepared as for Example 7(a), 
dissolved into dichloromethane (10ml). After 1.5 hours the reaction was diluted with ethyl acetate (50ml) and 
stirred vigorously with dilute hydrochloric acid. The ethyl acetate was separated and washed with water (3 x 

20 30ml) before being dried (MgSCh) and evaporated to a glass. This glass was taken up into ether and 
precipitated with n-hexane to give a buff coloured solid (0.291g; 85%); m.p. 104* C dec; w (KBr) 3299, 
3064, 1716 and 1680cm" 1 . 



25 (h) Sodium [6R7R1 3-(1 ,3,4-Thiadiazol-2-yl)thio methyl-7[[R>2f2,3»dioxo-4(3 t 4-dihydroxyben2y 
lideneamino)piperazin-1-yl<arbonylamino>2-ph 

[6R.7R] 3-(1,3,4-Thiadiazol-2-yl)thiomethyl-7-amino-7^ acid (0.2g) 

. 9 was suspended in dichloromethane (10ml) and treated with N.O-bistrimethylsilylacetamide (0.t6ml) and 

30* trimethylsilylchloride (2 drops). After stirring under argon at 40' C for 0.75 hours the reaction was cooled 
and evaporated from toluene. 

Meanwhile, the product from part (g) (0.23g) was suspended in dichloromethane (10ml) and treated with 
trimethylsilylchloride (0.55ml) and hexamethyldisilazane (0.57ml). The reaction was gently refiuxed for 1 
hour and then evaporated from toluene. The residue was taken up into dichloromethane (10ml) and treated 

as with trichloromethyl chloroformate (0.065ml). After 1 .5 hours the reaction was evaporated from toluene and 
redissolved into dichloromethane (10ml). This was added in 1ml aliquots to the persilyalated cephem 
nucleus, prepared above, in dichloromethane (20ml). After 1 hour the reaction was evaporated, taken up into 
ethyl acetate (30ml) and washed vigorously with dilute hydrochloric acid. After final washings with distilled 
water the solvent was evaporated to give a yellow/buff coloured solid. This residue was dissolved into 

40 tetrahydrofuran and ethyl acetate (4:1, 25ml). The pH was adjusted to 7.4 with sodium hydrogen carbonate 
solution prior to dilution with distilled water (50ml) and ethyl acetate (50ml). The aqueous portion was 
concentrated and chromatographed upon HP20SS eluting with water graduating to 10% acetone in water. 
After combining and freeze drying fractions containing the product the title compound was obtained as a 
yellow/green solid (40.3mg; 9.3%); r max (KBr) 3302, 1771, 1711 sh, 1684 and 1602cm- 1 ; 5 (D 2 0) (major 

45 rotamer) 2.87 and 3.26 (2H, ABq, J 17Hz), 3.72-4.4 (6H, m), 5.12 (1H, s), 5.43 (1H, s). 6.80 (1H, d, J 8.1Hz), 
7.08 (1H, d, J 8.1Hz). 7.22-7.60 (6H, m). 7.99 (1H. s), 8.08 (1H, s), and 9.30 (1H f s). 



Example 23 

50 

Minimum Inhibitory Concentration (MIC) values of compounds of the invention against a variety of 
organisms were determined by serial dilution in Iso-sensitest agar (from Oxoid Ltd. Basingstoke, England). 
The plates were inoculated with 10 4 colony-forming units and incubated overnight at 37* C. The MIC values 
recorded in Table I were the lowest concentration of antibiotic to inhibit growth. Comparative data for 
55 Piperacillin (6/3-[D-2-[(4-ethyl-2, 3-dioxopiperazin-1-yl)carbonylamino)-2-phenylacetamido] -penicillanic acid, 
sodium salt) and for the compound 6a-formamido-6/S-tD-2-[(4-ethyl-2, 3-dioxopiperazin-1-yl)carbonylamino]- 
2- phenyl acetamido]-penicillanic acid, sodium salt (Compound A) disclosed in U.K. Patent GB-2107307B, 
are also given. 
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Claims 

1. A compound of formula (I) or a pharmaceutical acceptable salt or in vivo hydroiysable ester thereof: 



10 



15 



20 



25 



30 




35 in which Y 1 is oxygen, sulphur or -CH 2 - and Z represents hydrogen, halogen, Ci^ alkoxy, -CH 2 -Q or 
-CH = CH-Q where Q represents hydrogen, halogen, hydroxy, mercapto, cyano, carboxy, carboxylic ester, 
C1.4 alkyloxy, acyloxy, aryl, a heterocyclyl group bonded via carbon, a heterocyclylthio group or a nitrogen 
containing heterocyclic group bonded via nitrogen; 

rs represents phenyl, substituted phenyl, cyclohexenyl, cyclohexadienyl or a 5 or 6-membered heterocyclic 
40 ring containing up to three hetero atoms selected from oxygen, sulphur or nitrogen optionally substituted 
with hydroxy, amino, substituted amino, halogen or Ci-e alkoxy. R 6 is hydrogen, hydroxy methyl, formamido, 
or methoxy, R 7 and R 8 are the same or different and represent hydrogen, alkyl, substituted alky!, 
halogen, amino, phenyl, substituted phenyl, hydroxy or Ci^ alkoxy or R 7 and R 8 fom the residue of a 5 or 
6-membered carbocyclic ring or a 5 or 6-membered heterocyclic ring containing up to three hetero atoms 
46 selected from oxygen, sulphur or nitrogen optionally substituted with hydroxy, amino, substituted amino, 
halogen or Ci^ alkoxy; R 9 is 



1 

50 




55 

wherein R 10 and R 11 are the same or different and each represents hydroxy, or protected hydroxy and XR 9 
is -(CH 2 )«R 9 , -NHCOR 9 , -N = CHR 9 , -NHCH2R 9 , or -COR 9 , where n is from 0 to 2; with the proviso that XR 9 
does not represent -N=CHR 9 when R 6 represents hydrogen. 
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2. A compound as claimed in Claim 1 in which the group R 5 is phenyl, 4-hydroxyphenyl or 2-thienyl. 

3. A compound as claimed in any one of the preceding claims in which Y is a group 

S CH, XV 
/ N / or X «* 



wherein Wis sulphur. 

4. A compound as claimed in any one of the preceding claims in which R 7 and R B are hydrogen. 

5. A compound as claimed in any one of the preceding claims in which X is a methylene group. 

6. A compound as claimed in any one of the preceding claims in which R 9 is a group: 




in which one or both hydroxy groups are optionally protected. 

7. A compound as claimed in any one of the preceding claims in which R 6 is formamido. 

8. A compound as claimed in any one of the preceding claims selected from the following or a 
pharmaceutical^ acceptable salt or pharmaceutical^ acceptable in vivo hydrolysable ester thereof: 
8jHD-2[[4^,4-Dihydrdfcybenzy^ 

acid; 

6MD-2|I4-(3.4-Dihydroxybenzylh2 f 3<tf^^ 
formamidopeniciilanic acid; 
6iHD-2-C4-(3 f 4~Dihydroxybenzyl^ 
methoxypeniciilanic acid; 
60-[D-2-[[4-(3,4-Dihydroxybenzyl^ 
6o-formamidopenicillanic acid; 
6£-[D-2-(3,4-Diaceto>cyphenyl-2-^ 
acetamido]-6a-formamidopenicillanic acid; 

6 jHD.2-tt4-(4,5-Dihydroxypyndin^ 
formamidopeniciilanic acid; 

6 /5-[D-2-[[4-(3 i 4-dihydroxybenzy IK^-dioxopiperazin-l -yi]carbony lamino]-2-phenylacetamido]-6a- 
(hydroxymethyl) penicillanic acid; 
6£-[D-2^[4«(3>Dihydroxybenzy l)-2^ 
formamidopeniciilanic acid; 

7^-[D-2-[[4-(3 f 4-Diacetoxybenzyl)-2,3-dioxopiperazin-1-yl]carbonylamin^ 
3-[{1 .S^thiadiazol^-yOthiomethyyceph-S-em-^rboxylic acid; 

7)3-[D-2-[[4-(3.4-Diacetoxybenzyl)-2 ? 3-dioxopipera?in-1 -y IJcarbony laminoJ-2-phenylacetamido]-7a-formamido- 
3-[(1 -methyl-1 H-tetrazol-5-y l)thiomethyl]ceph-3-em-4-carboxylic acid; 
7;HD-2-[[4-(3,4-Dihydroxybenzyl)^ 

formamido-3-[(l ,3,4-thiadiazol-2«yi)thiomethy l]ceph-3-em-4-cafboxy lie acid; 

6MD-2-(3,4-D!acetoxyphenyl)-2-[^ 

acetamido>6a-(hydroxymethyl)penicillanicacid; 

7jS-[2-[[4-(3,4-Dihydroxybenzyl)-2,3-d*^ 

formamido-3-[(1 f 3,4-thiadiazol-2-yl)thiomethyl]ceph-3-em-4-carboxylic acid; 
70-[D-2-[[4-(3,4-Dihydroxybenzyl)-2,3^ 

formamido-3-[(1 -methy 1-1 H-tetrazol-5-y l)thiomethyl]ceph-3-em-4-carboxylic acid; 
6M2-[[4-(2,3<lihydroxy benzyl^ 
formamidopeniciilanic acid; 
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70-[D-2-[[4-(2>Dihydroxybenz^ 

formamido-3-[(1,3,4-thiadiazol-2-yl)thiomethyl]ceph-3-em-4-(^rboxyiic acid; 
6MD-2-(4-(3.40ihydroxyphenyl)-2 t 3^ 
formamidopenicillanic acid; 
5 6MD-2-[4-[2-<3>Dihydroxophenyl)ett^^ 
formamidopenicillanic acid; 
70-[DL-2-[4-(3>Dihydroxyphenyl)-2^ 

formamido-3-[(1 ,3,4-thiadiazol-2-y l)thiomethyl]ceph-3-em-4-carboxylic acid; 
3-Acetoxymethyl-7HD-2-[4-(3,4<i^ 
io phenylacetamido]ceph-3-em-4-carboxylic acid; and 

3-Acetoxymethyl-7/S-[D-2-[4-(1>dihydro-5-hydroxy-4-oxQpyridin-2-yl)methyl-2,3^i 
ylcarbonylamino]-2-phenylacetamido]ceph-3-em-4-carboxylic acid. 

9. A pharmaceutical composition comprising an antibacteriaily effective amount of a pharmaceuticaJly 
acceptable compound as claimed in any one of Claims 1 to 8 together with a pharmaceuticaJly acceptable 

is carrier or excipient. 

10. A pharmaceutical composition as claimed in Claim 9 which further comprises a 0-lactamase 
inhibitor. : 

11. The use of a compound of formula (I) as defined in Claim 1 for the manufacture of a medicament 
for the treatment of bacterial infections in humans and animals. 
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